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Description 

BACKGROUND OF THE INVENTION 

The present invention is directed to formulations 
and methods for making drug-associated lipid com- 
plexes at high drug: lipid ratios (high drug: lipid com- 
plexes, or HDLCs). Such formulations are generally 
substantially equivalent or greater in efficacy to the 
same drug in their free form, yet have lower toxicity. 
Additionally, methods for the formation of such HDLCs 
are disclosed. More particularly, the invention is 
directed to the use of these high drug: lipid complexes 
with the toxic antifungal polyene antibiotics, specifically, 
amphotericin B and nystatin. 

The high drug: lipid complexes (HDLCs) of the 
present invention can be made by techniques substan- 
tially the same as those for making liposomes. The 
invention includes the use of these HDLC structures in 
association with bioactive agents such as drugs, specif- 
ically the polyene antibiotics such as amphotericin B 
and nystatin. 

As another aspect of the invention, a novel method 
for forming liposomes (or HDLCs) without the use of 
organic solvents is disclosed. Entrapment or associa- 
tion of a drug into the liposomes proceeds via an etha- 
nol or an aqueous intermediate. 

Liposomes are completely closed lipid bilayer mem- 
branes containing an entrapped aqueous volume. Lipo- 
somes may be unilamellar vesicles (possessing a single 
membrane bilayer) or multilamellar vesicles (onion-like 
structures characterized by multiple membrane bilayers, 
each separated from the next by an aqueous layer). The 
bilayer is composed of two lipid monolayers having a 
hydrophobic "tail" region and a hydrophilic "head" 
region. The structure of the membrane bilayer is such 
that the hydrophobic (nonpolar) "tails" of the lipid mon- 
olayers orient toward the center of the bilayer while the 
hydrophilic "heads" orient towards the aqueous phase. 

The original liposome preparation of Bangham et 
al. (J. Mol. Biol., 1965, 13:238-252) involves suspending 
phospholipids in an organic solvent which is then evap- 
orated to dryness leaving a phospholipid film on the 
reaction vessel. Next, an appropriate amount of aque- 
ous phase is added, the mixture is allowed to "swell," 
and the resulting liposomes which consist of multilamel- 
lar vesicles (MLVs) are dispersed by mechanical 
means. This technique provides the basis for the devel- 
opment of the small sonicated unilamellar vesicles 
described by Papahadjopoulos et al. (Biochem. Bio- 
phys. Acta., 1967, 135:624-638). and large unilamellar 
vesicles. 

Techniques for producing large unilamellar vesicles 
(LUVs), such as, reverse phase evaporation, infusion 
procedures, and detergent dilution, can be used to pro- 
duce liposomes. A review of these and other methods 
for producing liposomes may be found in in the text 
Liposomes. Marc Ostro, ed., Marcel Dekker, Inc., New 



York, 1983, Chapter 1, See also Szoka, Jr. et al., (1980, 
Ann. Rev. Biophys. Bioeng., 9:467). A particularly pre- 
ferred method for forming LUVs is described in Cullis et 
al.. PCT Publication No. 87/00238, January 16. 1986, 

5 entitled "Extrusion Technique for Producing Unilamellar 
Vesicles". Vesicles made by this technique, called 
LUVETS. are extruded under pressure through a mem- 
brane filter. Vesicles may also be made by an extrusion 
technique through a 200 nm filter; such vesicles are 

10 known as VET 2 ooS. These vesicles may be exposed to 
at least one freeze and thaw cycle prior to the extrusion 
technique; this procedure is described in Mayer et al., 
1985, Biochem. et. Biophys. Acta.. 817:193-196, enti- 
tled "Solute Distributions and Trapping Efficiencies 

is Observed in Freeze-Thawed Multilamellar Vesicles,". 

In the practice of this invention, a class of liposomes 
and method for their formation, characterized as having 
substantially equal lamellar solute distribution is pre- 
ferred. This preferred class of liposomes is denomi- 

20 nated as stable plurilamellar vesicles (SPLV) as defined 
in U. S. Patent No. 4,522,803 to Lenk et al. and includes 
monophasic vesicles as described in U. S. Patent No. 
4,588,578 to Fountain et al. and frozen and thawed mul- 
tilamellar vesicles (FATMLV) as described above. 

25 A variety of sterols and their water soluble deriva- 
tives have been used to form liposomes; see specifically 
Janoff et al., U.S. Patent No. 4,721,612, issued January 
26, 1988, entitled "Steroidal Liposomes". Mayhew etal., 
PCT Publication No. WO 85/00968, published March 

30 14, 1985, describe a method for reducing the toxicity of 
drugs by encapsulating them in liposomes comprising 
alphatocopherol and certain derivatives thereof. Also, a 
variety of tocopherols and their water soluble deriva- 
tives have been used to form liposomes; see Janoff et 

35 al., PCT Publication No. 87/02219. published April 23. 
1987, entitled "Alpha Tocopherol-Based Vesicles". 

In a liposome-drug delivery system, the bioactive 
agent such as a drug is entrapped in the liposome and 
then administered to the patient to be treated. For 

40 example, See Rahman et al., U.S. Patent No. 
3,993,754; Sears, U. S. Patent No. 4,145,410; Papah- 
adjopoulos et al., U. S. Patent No. 4,235,871; Schnei- 
der. U. S. Patent No. 4.224.1 79; Lenk et al., U. S. Patent 
No. 4,522,803; and Fountain et al., U. S. Patent No. 

45 4,588,578. Alternatively, if the drug is lipophilic, it may 
associate with the lipid bilayer. In the present invention, 
the terms "entrap" or "encapsulate" shall be taken to 
include both the drug in the aqueous volume of the lipo- 
some as well as drug associated with the lipid bilayer. 

so Many drugs that are useful for treating disease 
show toxicities in the patient; such toxicities may be car- 
diotoxicity, as with the antitumor drug doxorubicin, or 
nephrotoxicity, as with the aminoglycoside or polyene 
antibiotics such as amphotericin B. Amphotericin B is an 

55 extremely toxic antifungal polyene antibiotic with the 
single most reliability in the treatment of life-threatening 
fungal infections (Taylor et al., Am. Rev. Respir. Dis.. 
1982, 125:610-611). Because amphotericin B is a 
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hydrophobic drug, it is insoluble in aqueous solution and 
is commercially available as a colloidal dispersion in 
desoxychotate, a detergent used to suspend it which in 
itself is toxic. Amphotericin B methyl ester and ampho- 
tericin B have also been shown to be active against the 
HTLV-III/LAV virus, a lipid -enveloped retrovirus, shown 
in the etiology of acquired immuno-def iciency syndrome 
(AIDS) (Schaffner et al., Biochem, Pharmacol., 1986, 
35:4110-4113). In this study, amphotericin B methyl 
ester ascorbic acid salt (water soluble) and amphoter- 
icin B were added to separate cultures of HTLV-III/LAV 
infected cells and the cells assayed for replication of the 
virus. Results showed that amphotericin B methyl ester 
and amphotericin B protected target cells against the 
cytopathic effects of the virus, similar to that demon- 
strated for the herpes virus (Stevens et al., Arch. Virol., 
1975, 48:391). 

Reports of the use of liposome-encapsulated 
amphotericin B have appeared in the literature. Juliano 
et al. (Annals N. Y. Acad. Sci.. 1985, 446:390-402) dis- 
cuss the treatment of systemic fungal infections with 
liposomal amphotericin B. Such liposomes comprise 
phospholipid, for example dimyristoylphosphatidylcho- 
line (OMPC) and dimyristoylphosphatidylglycerol 
(DMPG) in a 7:3 mole ratio, and cholesterol. Acute tox- 
icity studies (LDsqs) and in vitro assays comparing free 
and liposome-entrapped amphotericin B showed lower 
toxicities using the liposomal preparations with substan- 
tially unchanged antifungal potency. Lopez-Berestein et 
al. (J. Infect. Dis., 1986, 151:704-710) administered 
liposome-encapsulated amphotericin B to patients with 
systemic fungal infections. The liposomes comprised a 
7:3 mole ratio of DMPC:DMPG, and the drug was 
encapsulated at a greater than 90% efficiency. As a 
result of the liposomal-drug treatment at 5 mol % 
amphotericin B, 66% of the patients treated responded 
favorably, with either partial or complete remission of the 
fungal infection. Lopez-Berestein et al. (J. Infect. Dis., 
1983, 147:939-945), Ahrens et al., (S. Jour. Med. Vet. 
Mycol.. 1984, 22:161-166), Panosian et al. (Antimicrob. 
Agents Chemo., 1984, 25:655-656), and Tremblay et al. 
(Antimicrob. Agents Chemo., 1984, 26:170-173) also 
tested the comparative efficacy of free versus liposomal 
amphotericin B in the treatment and prophylaxis of sys- 
temic candidiasis and leishmaniasis (Panosian et a!., 
supra.) in mice. They found an increased therapeutic 
index with the liposome-encapsulated amphotericin B in 
the treatment of candidiasis. In all cases, it was found 
that much higher dosages of amphotericin B may be tol- 
erated when this drug is encapsulated in liposomes. 
The amphotericin B-liposome formulations had little to 
no effect in the treatment of leishmaniasis. 

Proliposomes (lipid and drug coated onto a soluble 
carrier to form a granular material) comprising 
DMPC:DMPG, ergosterol, and amphotericin B have 
also been made (Payne et al., J. Pharm. Sci., 1986, 
75:330-333). 

In other studies, intravenous treatment of crypto- 



coccosis in mice with liposomal amphotericin B was 
compared to similar treatment with amphotericin B-des- 
oxycholate (Graybill etal.. J. Infect. Dis., 1982, 145:748- 
752). Mice treated with liposomal-amphotericin B 

5 showed higher survival times, lower tissue counts of 
cryptococci, and reduced acute toxicity. Multilameller 
liposomes used in this study contained ergosterol. Tay- 
lor et al. (Am. Rev. Resp. Dis., 1982, 125:610-611) 
treated histoplasmosis in mice with liposomal-ampho- 

10 tericin B wherein the liposomes contained ergosterol 
and phospholipids. The liposomal preparations were 
less toxic, more effective in treating histoplasmosis, and 
had altered serum and tissue distributions, with lower 
serum levels and higher liver and spleen concentrations 

/5 than that of the free amphotericin B preparations. 

In the above-mentioned studies, lipid-containing 
liposomes were used to ameliorate the toxicity of the 
entrapped drug, with the trend towards increasing the 
lipid content in the formulations in order to buffer drug 
20 toxicity. Applicants have surprisingly found that in fact a 
low lipid constituent decreases the toxicity most effi- 
ciently. In the formation of the HDLCs of the invention by 
an MLV method, a mixed population of HDLCs with 
MLVs can result; these preparations are those employ- 
es ing from about 5 to about 25 mole percent of drug 
(amphotericin B), with the proportion of HDLCs increas- 
ing as the mole percent drug increases. Preparations 
employing 25 mole percent to about 50 mole percent of 
drug are substantially HDLCs, free of liposomes. Alter- 
so natively, preparations containing 5 mole percent hydro- 
phobic drug and less are substantially liposomal with 
some HDLCs. The separation of HDLCs from heteroge- 
nous populations if necessary, can be performed using 
any separation technique known in the art, for example, 
35 density gradient centrifugation. 

The processes used to form these HDLCs can be 
substantially the same as those used to form liposomes, 
but in the present invention using high drug:lipid ratios, 
more HDLCs than liposomes are formed with unexpect- 
40 edly large reduction in toxicity, compared to the lipo- 
somal formulations. 

SUMMARY QF THE, INVENTION 

45 The present invention discloses HDLC (high 
drug:lipid ratio complexes) systems which comprise lip- 
ids and bioactive agents including drugs More particu- 
larly, the present invention provides composition 
comprising a hydrophobic bioactive agent-lipid complex 

so in a high drug:lipid ratio (HDLC) such as claimed in 
claims 1 to 14 and pharmaceutical compositions such 
as claimed in claims 15 to 17. 

Such HDLCs may comprise phospholipids such as 
DMPC and DMPG, preferably in a 7:3 mole ratio or sat- 

55 urated phospholipids or fatty acid phospholipids. The 
bioactive agent is preferably a drug, such as an antifun- 
gal drug such as nystatin or amphotericin B. The mole 
percent of the drug present is preferably from 6 to 50 
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mole percent, preferably 30 to 50 mole percent. Phar- 
maceutical compositions of the HDLCs, preferably com- 
prising a drug such as amphotericin B, are made 
comprising pharmaceutical acceptable carriers or dilu- 
ents, and these compositions may be administered 
parenteral ly. Such compositions are used to treat infec- 
tious diseases such as fungal infections, by administer- 
ing them to mammals such as humans. The HDLC- 
containing compositions of the present invention 
include those compositions substantially free of lipo- 
somes and compositions substantially free of liposomes 
entrapping the drug. Substantially generally no more 
than about 10 percent by weight of lipid, preferrably no 
more than 5%, and more preferrably no more than 3%. 

The present invention also provides method for pre- 
paring an HDLC composition such as claimed in claims 
18 to 24. 

various methods for preparing the HDLCs of the 
invention are disclosed; for example, techniques that 
first solubilize the drug, specifically amphotericin B in a 
solvent such as DMSO or methanol The lipid (preferably 
DMPC:DMPG in a 7:3 mole ratio) is solubilized in a sol- 
vent such as methylene chloride, and the lipid and drug 
solutions mixed. The solvents may be evaporated under 
reduced pressure, resulting in a thin lipid-drug film. The 
film may be hydrated in an aqueous solution such as 
saline, PBS, or glycine buffer, forming HDLCs. Alterna- 
tively, the aqueous solution may be added to the sol- 
vent-containing drug and lipid phase prior to 
evaporation of the solvent. As another alternative, the 
resulting dry lipid-drug film may be resuspended in a 
solvent, such as methylene chloride and again evapo- 
rated under reduced pressure prior to hydrating the film. 
A dehydration procedure may also be used; in this proc- 
ess a dry lipid-drug film is dehydrated to form a flake 
which is hydrated with aqueous solution. 

In an alternative method for forming the HDLCs of 
the invention, lipid particles (or liposomes) containing 
bioactive agent (drug, for example polyene antifungals 
such as amphotericin B) made by the MLV process con- 
taining 6 percent to 50 mole percent amphotericin B are 
formed and then the particles (or liposomes) are sub- 
jected to a heating cycle, at 25°C to 60°C, most prefera- 
bly about 60°C. Such a cycle forms a more highly 
ordered and less toxic amphotericin B/lipid complex. 

An absorbance spectrum technique is used to 
determine the toxicity of a drug (e.g. a polyene antifun- 
gal such as amphotericin B)-lipid complex. The absorb- 
ance spectrum of a drug is specific for that drug; the 
signature of the drug may be a peak or series of peaks 
in the ultraviolet or the visible range. The signature peak 
for amphotericin B, (appearing in Figure 12, dissolved in 
deoxycholate), is between 300 and 500 nm, and has 
characteristic peaks, the most representative of these 
peaks being the one arising at 413 nm. The attenuation 
of this peak by complexing the drug with lipid can be 
used quantitatively as a measure of toxicity of the 
HDLC. In other words, the degree of toxicity may be 



determined by the intensity of the absorbance peak 
height. 

A liposome-loading process is also disclosed 
wherein the drug, specifically the polyene antibiotic 

s amphotericin B is dispersed by sonication in a solvent 
such as ethanol to which has been added an acid such 
as hydrochloric acid. A lipid film, specifically comprising 
DMPC:DMPG in an about 7:3 mole ratio, is hydrated 
with an aqueous solution, specifically aqueous buffer 

10 such as PBS, and an aliquot of the acidified ethanol 
solution containing the drug is loaded into the lipo- 
somes by adding it to the liposome preparation. The 
ethanol in the resulting suspension is removed and the 
solution is resuspended with an aqueous solution. 

15 Depending on the mole ratio of drug co-mixed with the 
lipid, the process favors formation of HDLCs rather than 
liposomes; e.g. at mole percent of drug of 16 and above, 
more HDLCs are formed than liposomes. Alternatively, 
at 0-1 5 mole percent drug, the process favors formation 

20 of liposomes. Liposomes or HDLCs made by this acidi- 
fied ethanol loading process may be prepared for use as 
pharmaceutical compositions by the addition of phar- 
maceutically acceptable carriers or diluent, and may be 
used in the treatment of fungal infections by administer- 

25 ing them to a mammal such as a human. 

BRIEF DESCRIPTION OF THE DRAWING 

FIGURE 1 is a graph depicting acute toxicity meas- 
30 ured by LD50 as a function of mole percent of amphoter- 
icin B in the preparation. 

FIGURE 2 is a differential scanning calorimetry 
spectrum of a liposomal (MLV) preparation containing 5 
mole percent amphotericin B. 
35 FIGURE 3 is a differential scanning calorimetry 
spectrum of an HDLC preparation (MLV process) con- 
taining 25 mole percent amphotericin B. 

FIGURE 4 is a graph of an isopycnic gradient of 
multilamellar liposomes containing 5 mole percent 
40 amphotericin B. Lipid (solid line); amphotericin B (bro- 
ken line). 

FIGURE 5 is a graph of an isopycnic gradient of 
HDLCs (MLV process) made with 50 mole percent 
amphotericin B. Lipid (solid line); amphotericin B (bro- 
45 ken line). 

FIGURE 6 shows graphs of x-ray diffraction data for 
liposome and HDLC preparations (MLV process) con- 
taining 5 and 50 mole percent (respectively) amphoter- 
icin B. 

so FIGURE 7 shows 31 P-NMR spectra for HDLC prep- 
arations (MLV process) containing 25 and 50 mole per- 
cent amphotericin B. 

FIGURE 8 shows 31 P-NMR spectra for liposome 
(MLV) preparations containing 0 and 5 mole percent 
55 amphotericin B. 

FIGURE 9 is a graph of an isopycnic density gradi- 
ent of amphotericin B- containing liposomes formed by 
the acidified ethanol process containing 5 mole percent 
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amphotericin B. Lipid (solid line); amphotericin B (bro- 
ken line). 

FIGURE 10 is an absorbance spectrum of free 
amphotericin B dissolved in deoxycholate. 

FIGURE 1 1 are absorbance spectra of 5 mole % 
amphotericin B (a), 25 mole % amphotericin B (b), 25 
mole % amphotericin B after heating (c), and 50 mole % 
amphotericin B (d), in 7:3 DMPC:DMPG. 

Figure 12 is an absorbance spectrum of 25 mole % 
amphotericin B in 7:3 DMPC:DMPG both before (a) and 
after (b) heating for 10 minutes at 60 e C. 

FIGURE 13 is a DSC spectrum of 7:3 
DMPC/DMPG containing 25 mole % amphotericin B 
both before (a), and after (b) heat cycling, as compared 
to the spectrum of pure DMPC/DMPG (c). 

FIGURE 14 is a 31 P-NMR spectrum of complexes 
of 7:3 mole ratio DMPC/DMPG containing 25 mole % 
amphotericin B before (a) and after (b) heat cycling at 
60°C. 

FIGURE 15 is a graph demonstrating the influence 
of ionic strength on the uptake of amphotericin B into 
DMPC:DMPG liposomes. 

FIGURE 16 shows the effect of incubation temper- 
ature on the rate of amphotericin B uptake into 
DMPC:DMPG liposomes. 

FIGURE 1 7 shows the influence of liposome struc- 
ture on uptake of amphotericin B into DMPC:DMPG 
MLVs or LUVs. 

DETAILED DESCRIPTION OF THE INVENTION 

Nonliposomal high drug:lipid ratio complexes 
(HDLCs) having unique properties, and methods for 
their preparation are described. These HDLCs contain a 
bioactive agent such as a hydrophobic drug, which, 
when the HDLC is administered to an organism can 
have substantially equivalent or greater efficacy and 
lower toxicity as compared to the drug administered in 
either free or liposomal form. Such HDLCs comprise a 
high drug:lipid mole ratio (greater than about 5 mol % 
drug). The present invention surprisingly demonstrates 
the decreased toxicity of complexes containing less 
lipid, such as the instant HDLC systems, as compared 
to liposomal systems. The invention involves HDLC for- 
mulations for use as drug carrier systems in association 
with drugs such as the anti-fungal polyene antibiotics 
amphotericin B and nystatin. Such formulations, unlike 
the current commercially available formulations, are sta- 
ble in aqueous solutions such as saline. 

Additionally, a new liposome-loading method is 
described which loads liposomes by entrapping a drug 
via a solvent intermediate. This solvent has the charac- 
teristics that it solubilizes the bioactive agent, such as 
amphotericin B, it does not disrupt the liposome mem- 
brane structure, and it is compatible with an aqueous 
solution such as water. Such a solvent is ethanol. This 
method proceeds without the use of organic solvents. 
Depending upon the mole percent of drug used in the 



preparation, HDLCs rather than liposomes will be 
formed. In the case where the formation of HDLCs are 
favored, the process loads the HDLCs with drug. 

HDLCs refer to drug-associated lipid in particulate 

5 form, such particulates being nonliposomal in nature. 
When formed using an MLV process, such HDLCs are 
characterized, for example, by: (1) freeze-fracture elec- 
tron micrographs (D earner et al., Biochim. Biophys. 
Acta, 1970, 219:47-60), demonstrating nonliposomal 

w complexes; (2) captured volume measurements 
(Deamer et al., Chem. Phys. Lipids, 1986, 40:167-188), 
demonstrating essentially zero entrapped volumes and 
therefore being nonliposomal; (3) differential scanning 
calorimetry (DSC) (Chapman, D., in: Liposome Technol- 

15 ogy, Gregoriadis, G., ed., 1984, CRC Press, Boca 
Raton), showing no lipid bilayer pre-transition phase or 
main transition; (4) 31 P-NMR spectra (Cullis et al., 1982 
in: Membrane Fluidity in Biology, Academic Press, Inc., 
London & N.Y), suggesting characteristics of highly 

20 immobilized lipid (broad isotropic); and (5) x-ray diffrac- 
tion data (Shipley et al.. in: Biomembranes, 1973, Chap- 
man, D. and Wallach, D., eds., Vol 2:1 , Academic Press, 
Inc., London & N.Y), indicative of gel phase lipid. Also 
characteristic of these systems is the complete associa- 

25 tion of the drug with the lipid as evidenced by density 
gradient centrifugation. In this technique the gradient is 
centrifuged at an elevated force (about 230,000 x g) for 
about 24 hours. This insures that all the components in 
the gradient reach their equilibrium density positions. 

30 Elution profiles of these systems show overlapping drug 
and lipid peaks, which indicates all of the drug is asso- 
ciated with the lipid. 

One aspect of the present invention is a drug: lipid 
ratio that forms HDLCs which results in substantially 

35 equival ent or greater efficacy of the drug while generally 
decreasing acute toxicity as measured by LD50 in mice 
(Figure 1). Applicants have found that between a 6 and 
50 mole percent of hydrophobic drug meets such 
requirements, with a preferred ratio being between 15 

40 and 50, more preferably between 25 and 50, most pref- 
erably 25 and 35 mole percent hydrophobic drug. 
Where drug concentrations exceed about 6 mole per- 
cent and approach 25 mole %, mixed populations of 
liposomes and HDLCs are formed. Within this range, as 

45 the mole percent of drug approaches 25, a greater per- 
cent of the structures are HDLC rather than liposomes. 
At drug concentrations of 5 mole percent and less, and 
to a lower limit of lipid known to those in the art as the 
"critical micelle concentration", mixed HDLC/liposome 

so populations, but substantially liposomal structures, are 
present. Such liposomes may be formed by the novel 
ethanol intermediate process of the present invention. 

Characteristic of the above-mentioned HDLCs are 
various drug-lipid dispersions observed upon density 

55 centrifugation. Separations of the drug-lipid 
(DMPC:DMPG at a 7:3 mole ratio) complex on the iso- 
pycnic sucrose density columns showing banding that is 
dependent on the drug:lipid ratio and the method of 
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preparation. In systems comprising 5 mole percent drug 
made by the MLV process, two major bands of material 
are observed; one of liposomes and one where drug is 
associated with the lipid (HDLCs). Preparations con- 
taining 25 and 50 mole percent drug showed a single 
band wherein most of the drug is associated with the 
lipid. Surprisingly, these low-lipid/higher mole percent 
drug systems were less toxic. Figure 1 shows 10^- 
(mg/kg) in mice as a function of the mole percent of the 
drug amphotericin B in the preparation. The LD50S 
increase between 5 and 50 mole percent drug, then 
drop off at 60 mole percent. Also plot is the LDso for the 
commercially available form of this drug; Fungizone, at 
about 3.5 mg/kg. In vitro blood cell lysis (hemolysis) 
demonstrates the same toxicity phenomenon. 

Captured volume studies (entrapment of solute (in 
ul) per umol lipid) performed on MLV preparations of 
drug-lipid associations at varying mole percent drug 
demonstrate the unusual nature of the 25 mole percent 
and greater (HDLC) formulations; these systems entrap 
no solute and therefore are not liposomal. Freeze frac- 
ture electron micrographs of these same systems dem- 
onstrate liposomes at 0 and 5 mole percent drug, but 
nonliposomal HDLCs at 25 and 50 mole percent drug. 

Differential scanning calorimetry tracings per- 
formed on MLV preparations with varying mole percent 
drug demonstrate the same phenomena; that is, spec- 
tra show transition peaks characteristic of the unper- 
turbed bilayer state lipid at 5 mole percent drug (Figure 
2), but no transition peak at 25 mole percent drug (Fig- 
ure 3). In the case of 25 mole percent drug, all the lipid 
is completely associated with the drug, i.e., the acyl 
chains of the lipid are not free to undergo a coopertive 
transition. This data confirms the density centrifugation 
data which shows a double peak of lipid-associated 
drug and free lipid at the 5 mole percent drug concen- 
tration (Figure 6), but a single peak where all the lipid is 
associated with the drug at 25 and 50 mole percent 
drug concentrations (Figure 5). 

X-ray data at 5 mole percent (MLV process) shows 
gel phase lipid at low temperatures, with a transition to 
liquid crystalline phase at the characteristic temperature 
of 23°C. At 50 mole percent drug, however, the lipid is in 
the gel phase at all temperatures; there is no transition 
due to ail the lipid being in tight association with the 
drug (Figure 6). Similar data for 31 P-NMR studies show 
the lack of the free lipid signal for these higher (25 and 
50) mole percent drug formulations (HDLCs); the low 
field shoulder/high field peak characteristics of this type 
of lipid is absent (Figure 7), while it is visible in the 0 and 
5 mole percent drug samples (Figure 8). 

Although lipid complex systems with their associ- 
ated high drug-lipid ratios are one aspect of the present 
invention, iiposome-forming procedures may be used in 
the formation of these lipid complexes. Specifically, 
these procedures include those that form liposomes 
known as multilamellar vesicles (MLV). Other processes 
that may be used are those that form stable plurilamel- 



lar vesicles (SPLV), large unilamellar vesicles formed by 
an extrusion procedure (LUVETS), or other Iiposome- 
forming procedures known in the art. The process for 
forming SPLVs is disclosed in Lenk et al., U. S. Patent 

5 No. 4,522,803, issue June 11, 1985, and the LUVET 
procedure disclosed in Cullis et al., PCT Application No. 
WO 86/00238, published January 16, 1986. In the novel 
liposome formation aspect of the present invention, lipo- 
somes are formed in aqueous solution to which is 

10 added the drug to be entrapped, in acidified ethanol. In 
another liposome forming embodiment of the present 
invention, amphotericin B is incorporated into liposomes 
via an aqueous intermediate, in this technique, ampho- 
tericin B is suspended in an aqueous solution, for exam- 

is P^ distilled water, by sonication. The suspended drug is 
then admixed with a suspension of lipid in aqueous 
solution, such as distilled water or sodium chloride solu- 
tion. The mixture is incubated at or above the transition 
temperature of the lipid employed, with the resultant for- 

20 mation of MLVs. 

The lipids which can be (1) employed in making the 
lipid complexes, and (2) used in the novel liposome for- 
mation technique of the present invention, are the phos- 
pholipids such as phosphatidylcholine (PC), 

25 phosphatidyl ethanolamine (PE), phosphatidylserine 
(PS), phosphatidylglycerol (PG), phospatidic acid (PA), 
phospatidylinosito! (PI), sphingomyelin (SPM), and the 
like, alone or in combination. Saturated phospholipids 
such as hydrogenated soy PC may also be used. The 

30 phospholipids can be synthetic or derived from natural 
sources such as egg or soy. A further lipid composition 
is the saturated fatty acids such as myristic acid. In the 
preferred embodiments, the phospholipids dimyristoyl- 
phosphatidylcholine (DMPC) and dimyristoylphosphati- 

35 dylglycerol (DMPG) are used in combination in any 
mole ratio, from 99:1 to 1:99 DMPC:DMPG. preferably 
in a 7:3 mole ratio. DMPC and dimyristoylphosphatidyl- 
serine (DMPS) may also be used in combination. How- 
ever, DMPC alone may be used. The lipid complexes 

40 and liposomes can also contain a steroid component as 
part of the lipid phase, such steroids may be choles- 
terol, polyethylene glycol derivatives of cholesterol 
(PEG-cholesterols), coprostanol, cholestanol, choles- 
tane, organic acid derivatives of sterols such as 

45 cholestrol hemisuccinate (CHS), and the like. Organic 
acid derivatives of tocopherols may also be used as 
complex- or Iiposome-forming ingredients, such as 
alpha-tocopherol hemisuccinate (THS). Both CHS- and 
THS-containing complexes and their tris salt forms may 

50 generally be prepared by any method known in the art 
for preparing liposomes containing these sterols. In par- 
ticular, see the procedures of Janoff et al., U.S. Patent 
No. 4,721,614, issued January 26, 1988, antitled "Ster- 
oidal Liposomes", and Janoff et al., PCT Publication No. 

55 87/02219, published April 23, 1987, entitled "Alpha- 
Tocopherol Based Vesicles," filed September 24, 1986, 
respectively. 

Bioactive agents such as drugs may be used in the 
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present invention. In the case of HDLCs, bioactive 
agents used are those that are hydrophobic; in the case 
of liposomes, the bioactive agents may be either hydro- 
phobic or hydrophilic as liposomes entrap both types of 
agents. Such bioactive agents include but are not lim- s 
ited to the polyene antibiotics such as the anti-fungal 
agents pimaricin, candicidin, f ilipin, and preferably, nys- 
tatin and amphotericin B. Other bioactive agents that 
may be used include but are not limited to antibacterial 
compounds such as the aminoglycosides, for example, w 
gentamycin, antiviral compounds such as rifampacin, 
anti-parasitic compounds such as antimony derivatives, 
antineoplastic compounds such as vinblastine, vincris- 
tine, mitomycin C, doxorubicin, daunorubicin, meth- 
otrexate, and cisplatin, among others, proteins such as is 
albumin, toxins such as diptheria toxin, enzymes such 
as catalase, hormones such as estrogens, neurotrans- 
mitters such as acetylcholine, lipoproteins such as 
alphalipoprotein, glycoproteins such as hyaluronic acid, 
immunoglobulins such as igG, immunomodulators such 20 
as the interferons or the irrterleukins, dyes such as Arse- 
nazo III, radiolabels such as 14 C, radio-opaque com- 
pounds such as "Te, fluorescent compounds such as 
carboxy fluoroscein, polysaccharides such as glycogen, 
cell receptor binding molecules such as estrogen recep- 25 
tor protein, non-steroidal anti -inflammatories such as 
indomethacin, salicylic acid acetate, ibuprofen, sulin- 
dac, piroxicam, and naproxen; arrti-irtflammatories such 
as dexamethasone, antiglaucomic agents such as 
timolol or pilocarpine, anesthetics such as dibucaine, 30 
nudeic acids such as thymine, polynucleotides such as 
RNA polymers, cardiovascular agents such as alpha- 
bJocker, beta-blocker, calcium channel blockers, ACE 
inhibitors, and the like, CNS agents and prostaglandins. 

During preparation of the HDLCs, as in the general 35 
preparation of liposomes, organic solvents may be 
used. Suitable organic solvents are those with interme- 
diate polarities and dielectric properties (those having a 
polarity intermediate to opposing electrical charges), 
which solubilize lipids, and include but are not limited to 40 
chloroform, methanol, dimethylsulfoxide (DMSO), meth- 
ylene chloride, and solvent mixtures such as chloro- 
form:methanol (70:30) and benzene:methanol (70:30). 
As a result, solutions, defined as mixtures in which the 
components are uniformly distributed throughout; con- 45 
taining the lipids are formed. Solvents are preferably 
chosen on the basis of their biocompatability, low toxic- 
ity, and imflammabiltty. When solubilizing the drug, spe- 
cifically amphotericin B, DMSO is preferred as it is most 
soluble in DMSO. Methanol may be substituted for so 
DMSO with concomitant increase in solvent volume. For 
solubilizing lipid, methylene chloride is preferably used 
due to its low toxicity in humans. In the novel liposome- 
forming processes of the present invention, ethanol or 
aqueous solutions are the preferred solvents. 55 

In the hydration step of HDLC formation, aqueous 
solutions such as distilled water (e.g., USP water for 
injection), saline, or aqueous buffers may be used. 



Aqueous buffers that may be used include but are not 
limited to buffered salines such as phosphate buffered 
saline ("PBS"), tris-(hydroxymethyl)-aminomethane 
hydrochloride f tris") buffers, or glycine buffers at pH of 
7.0 to 7.5, preferably 7.2. 

In the formation steps of HDLCs or the novel lipo- 
somes, a sonication step may be performed. Such a 
procedure is performed in a bath sonicator for 15 to 30 
minutes, at 25°C, at 50-60 Hz. 

The HDLCs or liposomes formed may be sized by 
extrusion through a filter according to the procedure of 
Cullis et al., PCT Publication No. 88/00238, published 
January 16, 1986. Such sizing procedures allow the for- 
mation of homogeneous populations of particles, with 
regard to size. For example, the filtering of the HDLCs 
may be performed through a tortuous path or a straight 
through membrane filter, such as a polycarbonate filter. 

The HDLCs or liposomes formed by the novel pro- 
cedures of the present invention may be subject to a 
lyophilization or dehydration procedure at various 
stages of formation. For example, the lipid film may be 
lyophilized after removing the solvent and prior to add- 
ing the drug. Alternatively, the lipid-drug film may be 
lyophilized prior to hydrating the HDLC or liposome. 
Such dehydration may be carried out by exposing the 
lipid, HDLC, or liposome to reduced pressure thereby 
removing ail suspending solvent. Alternatively or addi- 
tionally, the finally hydrated HDLC or liposome prepara- 
tion may also be dehydrated by placing it in surrounding 
medium in liquid nitrogen and freezing it prior to the 
dehydration step. Dehydration with prior freezing may 
be performed in the presence of one or more protective 
sugars in the preparation according to the techniques of 
Bally et al., PCT Publication No. 86/01103 published 
February 27, 1986. and Schneider et al., U.S. Patent 
No. 4,229,360, issued October 21, 1980. Such tech- 
niques enhance the long-term storage and stability of 
the preparations. Other suitable methods, now known or 
later discovered, may be used in the dehydration of the 
above-disclosed lipid complex preparations. 

One method for formation of the HDLCs of the 
present invention is an MLV procedure wherein the bio- 
active agent (e.g., a drug) is dissolved in methanol in a 
flask to which is then added lipid such as DMPC and 
DMPG in a 7:3 mole ratio of DMPC:DMPG, in chloro- 
form. After rotoevaporating the solution at reduced pres- 
sure, the dried film is resuspended in PBS and 
sonicated in a bath sonicator (at 25°C for 30 minutes, 
50-60 Hz) to clarity. At mole ratios of drug:lipid of 6 and 
above (to 60 mole percent), the preparations are non- 
liposomal HDLC structures substantially free of lipo- 
somes. Toxicities of the HDLC preparations are 
drug:lipid ratio-dependent, preparations of higher 
drug:lipid ratios (about 16-50 mole percent drug) show 
less acute toxicity than lower drug:lipid ratio prepara- 
tions (6-15 mole percent drug). As discussed above, 
preparations containing up to 5 mole percent drug are 
substantially liposomal. 
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Another method is a modified MLV procedure 
whereby the above-produced drug-lipid film is dried in a 
beil jar under reduced pressure to produce a drug-lipid 
flake. This flake is pulverized to a powder which is 
homogeneously hydrated when aqueous solution is 
added. This procedure involves solution of the drug in 
an organic solvent such as DMSO or methanol followed 
by mixing with a lipid (most preferably a 7:3 mole ratio of 
DMPC:DMPG) in methylene chloride. The mixture is 
then dried under reduced pressure to a film, which is 
then dried, for example, in a bell jar under reduced pres- 
sure. The resulting dried powder is hydrated with an 
aqueous saline solution and heated to produce a drug- 
lipid suspension. As discussed hereinabove, the forma- 
tion of HDLCs, liposomes, and mixtures thereof, and 
concomitant degree, of toxicity, depends on the 
drug:lipid ratio. 

Other methods may be used in the formation of 
HDLCs. One such method is an SPLV procedure 
wherein the drug is dissolved in a solvent such as 
DMSO. A lipid (such as a 7:3 mole ratio of 
DMPC:DMPG) in a solvent (e.g., chloroform or methyl- 
ene chloride) is dried to a thin film under reduced pres- 
sure, and an organic solvent such as methylene 
chloride is added to the lipid. An aliquot of the drug 
(e.g., amphotericin B) in solution is added to the lipid 
suspension and the resulting mixture is sonicated to 
clarity. A buffered aqueous solution (e.g., buffered 
saline) is added and the mixture is again placed under 
reduced pressure to remove the methylene chloride. 
The resulting paste is hydrated further with PBS and 
sonicated to clarity. As with the above procedure, the 
resulting preparation will be HDLC or liposomal depend- 
ing on the mole ratio of drug:lipid employed. LD^g in 
mice using this preparation showed lower toxicities with 
higher drug:lipid ratios. 

Yet another method is a modified SPLV procedure 
wherein the drug in organic solvent (e.g., DMSO) is 
mixed with lipid (e.g., DMPC:DMPG) in solution, and a 
buffered aqueous solution (e.g., PBS) was added, fol- 
lowed by evaporation of the solvent under nitrogen while 
sonicating. Additional PBS is added and the resulting 
solution filtered, preferably through a 5 micron filter, 
then centrifuged at about 10,000 x g for about 10 min- 
utes. The supernatant solution was removed, dis- 
carded, and the pellet resuspended in aqueous solvent 
(PBS). Following a second "wash" by centrifugation, the 
resulting pellet is resuspended in PBS. As with the 
above-disclosed preparations, the acute toxicity of the 
preparations are directly related to the drug lipid ratio; 
that is, the higher the ratio (to 60 mole percent drug), the 
less toxic the preparation. 

Yet another SPLV method is a preparation wherein 
the drug-solvent and lipid solutions are mixed as before, 
but water for injection, (JSP, rather than saline is added 
and the suspension warmed to 37°C. The solvent is 
again evaporated under nitrogen while sonicating, more 
water for injection was added, and the suspension held 



for about 10 minutes at 37°C. The preparations are ster- 
ile filtered through a 0.1 or 0.15 micron filter using the 
LUVET method. Such method is an extrusion procedure 
whereby liposomes are produced by filtration at pres- 

s sures of about 700 psi, and is the subject of Cullis et al. , 
PCT Publication No. 86/99238, published January 16, 
1986. Such preparations may also be dehydrated 
according to the methods of Bally et al, as described 
hereinabove. Acute toxicity tests again demonstrate the 

10 ameliorative effects of a high drug:lipid ratio on the drug 
toxicity. 

A further method involves the dissolution of drug in 
acidified anhydrous ethanol by sonication. A lipid (e.g., 
a 7:3 mole ratio of DMPC:DMPG) dissolved in a solvent 

15 (e.g., benzene :methanol) is lyophilized, then vertically 
mixed with an aqueous solvent (e.g.. PBS), and the 
acidified alcohol-drug solution added and stirred at 
room temperature. The preparation is then lyophilized 
and rehydrated with aqueous buffer. Alternatively, the 

20 solvent can be evaporated leaving a lipid-drug film, 
which can be hydrated with an aqueous solution. Again, 
lower acute toxicities are associated with preparations 
of higher drug:lipid ratios. When a drug concentration of 
5 mole percent and below is used, the process pro- 

25 duces mostly liposomes, compared to the use of 6 mole 
percent and above, which forms mainly HDLCs. Centrif- 
ugation of the preparation on a density gradient con- 
firms that all the lipid is associated with the drug. The 
preparation may then be lyophilized, which removes the 

30 ethanol, and rehydrated in aqueous solution such as 
distilled water. 

In another liposome forming embodiment of the 
present invention, amphotericin B is incorporated into 
liposomes via an aqueous intermediate. In this tech- 

35 nique, amphotericin B is suspended in an aqueous solu- 
tion, for example distilled water, by sonication. The 
suspended drug is then admixed with a suspension of 
lipid in aqueous solution, such as distilled water or 
sodium chloride solution. The mixture is incubated at or 

40 above the transition temperature of the lipid employed, 
with the resultant formation of MLVs. 

The high mole ratio amphotericin B-lipid prepara- 
tions discussed above are believed to exhibit low toxicity 
because of enhanced amphotericin B-amphotericin B 

45 interactions in the lipid matrix. This can be demon- 
strated by absorbance spectroscopy. The absorbance 
at 41 3 nm, for instance, arising from free amphotericin B 
in deoxycholate is greater than that for unheated 5 mole 
% amphotericin B in lipid. Further, the absorbance of 25 

so mole % amphotericin B is greater than that exhibited by 
50 mole % amphotericin B in lipid (see Figure 10). 

The absorbance spectrum technique is used to 
determine the toxicity of a drug (e.g. amphotericin B)- 
lipid complex. The absorbance spectrum of a drug is 

55 specific for that drug; the signature of amphotericin B, 
(appearing in Figure 12, dissolved in deoxycholate), is 
between 300 and 500 nm, and has characteristic peaks, 
the most representative of these peaks the one arising 
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at 413 nm. The attenuation of this peak by complexing 
the drug with a lipid can be used quantitatively as a 
measure of toxicity of the HDLC. Any of the above- 
named lipids, when complexed in this way, would be 
expected to result in the characteristic, albeit attenu- 5 
ated, absorbance discussed here, since the spectra are 
specific to the drug. 

If amphotericin B-lipid systems exhibiting less than 
maximal toxicity buffering (for example, 25 mole % sam- 
ples), are heated to 25-60° C, the toxicity of the resulting w 
system is attenuated (see Figure 11). This attenuation 
proceeds to a maximum of the toxicity observed when 
amphotericin B is complexed with 50 mole % lipid (see 
Figure 11). One possible explanation is that this attenu- 
ation occurs because lipid is phase separated and is 
thereby expelled from the amphotericin B in the heating 
step, allowing closer association of the amphotericin B 
with itself and thus a less toxic system. The expelled 
lipid is demonstrated by the reappearance (after heat- 
ing) of an endotherm viewed in differential scanning 20 
calorimetry spectra (see Figure 12), consistent with lipid 
substantially free of amphotericin B. Further, the 
expelled lipid can be demonstrated by the narrowing of 
the 31 P-NMR signal arising from the heated systems 
(see Figure 13). Again, this narrowing is consistent with 25 
lipid substantially reduced in amphotericin B concentra- 
tion. 

Finally, freeze fracture electron microscopy of 
heated systems reveals the existence of lipid (and lipo- 
somes) after heating, not previously observed. The 30 
unheated sample demonstrates complexes with no free 
lipid, characteristic of systems exhibiting intramolecular 
interaction between the lipid and the amphotericin B. 

When the above studies were performed on sam- 
ples containing 50 mole % amphotericin B, small differ- 35 
ences were observed between samples studied before 
and after heating. Presumably, at the 50 mole % level, 
the interaction of the drug with the lipid is so great that 
there is no further lipid available to be expelled from the 
structure. These samples, then, demonstrate substan- <o 
tially unchanged signals both before and after heating 
when studied by DSC and NMR. 

The theory that the phase separated lipid leaves 
the amphotericin B in an environment more condusive 
to amphotericin B-amphotericin B interaction (and thus 45 
less toxic) can be supported by absorbance spectros- 
copy. The spectra arising from heated systems are 
much less intense (signifying lowered toxicity) com- 
pared to untreated systems. In one case such heating 
resulted in an LDso of greater than 30 mg/kg as com- 50 
pared to an unheated preparation with an LO^ of 1 5 
mg/kg. In this case attenuation of absorbance at 413 nm 
was noted after heating. 

The above heating process may be demonstrated 
with any type liposome or lipid particle or liposome or ss 
lipid particle formation process such as any of those 
previously enumerated, but in this example the MLV 
process was used. Similarly, any of the previously 
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named lipids or phospholipids may be used, as may any 
solvents or aqueous buffers as named hereinabove. For 
example, lipid (in any amount known to form liposomes, 
such as DMPC:DMPG in a 7:3 mole ratio), suspended 
in an organic solvent such as chloroform, is dried to a 
thin film on the sides of a round bottom flask. Amphoter- 
icin B (or any other drug as previously described) is dis- 
solved in any appropriate organic solvent (an 
appropriate solvent being one that dissolves the drug, 
specifically, for example, the amphotericin B). In the 
present invention, any mole % of drug (amphotericin B) 
that forms liposomes or lipid particles may be used. 
Specifically, in the present invention, from 5 to 50 mole 
% amphotericin B is used. Where liposomes are to be 
formed, a drug to lipid mole ratio of 5 mole % drug and 
less is employed. For the formation of HDLCs. 6 to 50 
mole percent drug is employed. At 25 mole % drug and 
above, the population is substantially HDLC in nature. 

In the present heating aspect of the invention, 
amphotericin B was dissolved in methanol at 10 mg 
amphotericin B per 100 ml methanol, or 0.1 mg/ml of 
amphotericin B. The methanol containing dissolved 
amphotericin B (100.0 ml) was added to the lipid film, 
and the film resuspended. The resulting suspension is 
then rotoevaporated under reduced pressure, to a thin 
film. The lipid-amphotericin B film is then resuspended 
in an aliquot of aqueous solution the volume of which is 
sufficient to form liposomes or lipid particles, such as for 
example 4.0 ml. The suspension may then be agitated 
and sonicated for several minutes to about one hour, 
and heated in a water bath at from 25°C to 60°C, for 1 0 
to 400 minutes. 

Another method for forming the HDLCs of the 
invention include those employing a homogenization 
step rather than sonication. For example, the HDLCs 
may be made according to the SPLV process, wherein a 
drug (e.g., amphotericin B) may be added to an appro- 
priate solvent (such as DMSO) and mixed with a 
mechanical mixer to dissolve all the drug. If necessary, 
the solution can then be filtered, removing any undis- 
solved particles of the drug. A 7:3 mole ratio of 
DMPC:DMPG may then be dissolved in an appropriate 
solvent (such as methylene chloride), and the lipid then 
admixed with the drug -DM SO solution. An aqueous 
solution such as saline is then added to the mixture, and 
the organic solvents removed by rotary evaporation at 
about 35-45°C. Following solvent removal, the resulting 
drug-lipid mixture is diluted with aqueous solution, such 
as saline, and the suspension of HDLCs milled using a 
homogenizes Any homogenization device or colloid mill 
that will mill particles is acceptable for this procedure, 
but preferably a Gifford Wood colloid mill is used. The 
particles are milled until an acceptable particle size has 
been achieved, for example, wherein 90% of the parti- 
cles are below 10 urn in diameter, preferably within a 
size range of 4 to 10 nm, or 15-30 minutes. The parti- 
cles may passed one or a multiple number of times 
through the mill, depending on the size and homogene- 
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ity desired. The HDLC particles may be analyzed for 
size distribution using the Malvern particle sizer. If nec- 
essary, larger and smaller particles may be removed by 
any methods known in the art for separating particles, 
such as by filtration. Such a process preferably results 5 
in particles between about 0.2 urn and 1 0.0 urn in diam- 
eter. 

Other methods known to those skilled in the art for 
forming liposomes may be used in the practice of the 
present invention; the invention of HDLCs is not limited 10 
solely to the above-mentioned processes for their for- 
mation. 

The HDLC preparations and liposomes resulting 
from the novel processes of the present invention, can 
be used therapeutically in animals (including man) in is 
the treatment of a number of infections or conditions 
which require: (1) repeated administrations; (2) the sus- 
tained delivery of a drug in its bioactive form; or (3) the 
decreased toxicity with substantially equivalent or 
greater efficacy of the free drug in question. Such con- 20 
ditions include but are not limited to fungal infections, 
both topical and systemic such as those that can be 
treated with antifungal agents such as nystatin and 
amphotericin B and the viral diseases acquired immun- 
odeficiency syndrome (AIDS) and herpes. Additionally, 25 
the preparations of the invention are stable in aqueous 
solution. 

The mode of administration of the preparation may 
determine the sites and cells in the organism to which 
the compound will be delivered. The HDLCs and lipo- 30 
somes of the present invention can be administered 
alone but will generally be administered in admixture 
with a pharmaceutical carrier selected with regard to the 
intended route of administration and standard pharma- 
ceutical practice. For instance, delivery to a specific site 35 
may be most easily accomplished by topical application 
(if the infection is external, e.g., on areas such as eyes, 
skin, in ears, or on afflictions such as wounds or burns). 
Such topical applications may be in the form of creams, 
ointments, gels, emulsions, or pastes, for direct applica- 40 
tion to the afflicted area. Alternatively, the preparations 
may be injected parenterally, for example, intravenously, 
intramuscularly, or subcutaneously. For parenteral 
administration, they can be used, for example, in the 
form of a sterile aqueous solution which may contain 45 
other solutes, for example, enough salts or glucose to 
make the solution isotonic. Other uses, depending on 
the particular properties of the preparation, may be 
envisioned by those skilled in the art. 

The compositions of the invention can be used for so 
the treatment of asthma, by instilling a nebulised aque- 
ous suspension of the liposomes or HDLCs into the 
lungs. For example, the liposomes or HDLCs can be 
suspended in a suitable solvent which can be aero- 
solized by a pneumatic or ultrasonic nebulizer, or, more ss 
conveniently, by a self-contained nebulizer that is driven 
by gas pressure from a fluorocarbon pellet. Other inha- 
lation systems, such as those in which the liposomes or 
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HDLCs are delivered in particle form, either as a dry 
powder or as a suspension in a suitable carrier system 
are acceptable. Following aerosdization, most of the 
propellant solvent is lost through flash evaporation and 
replaced by moisture in the respiratory tract, leading to 
the deposition of the particles. 

For administration to humans in the curative or pro- 
phylactic treatment of fungal or viral diseases, the pre- 
scribing physician will ultimately determine the 
appropriate dosage for a given human subject, and this 
can be expected to vary according to the age, weight, 
and response of the individual as well as the nature and 
severity of the patient's symptoms. The dosage of the 
drug in the HDLC or liposomal form will generally be 
about that employed for the free drug. In some cases, 
however, it may be necessary to administer dosages 
outside these limits. 

EXAMPLE 1 

Amphotericin B (10 mg; total drug 5 mole percent) 
was added to 100 ml of methanol in a 500 ml round bot- 
tom flask and the mixture sonicated until clear. This son- 
icating step was performed in a bath sonicator for 1 5 
minutes at 25°C, at 50-60 Hz. Dimyristoylphosphatidyl- 
choline (DMPC) was added (100 mg in 1 .0 ml of chloro- 
form) as well as 42 mg of dimyristoylphosphatidyi- 
glycerol (DMPG) (in 0.42 ml chloroform). The resulting 
dispersion was dried by rotary evaporation at 60°C 
under reduced pressure, to produce a thin film in the 
flask. The film was resuspended in 4.0 ml of PBS, the 
solution transferred to a glass tube and sonicated to 
clarity. 

The above example was repeated with 16.7, 20, 25, 
33, 50 and 60 mole percent amphotericin B. Acute tox- 
icity studies (LD5o 8 ), which measure the dosage of drug 
producing a 50% death rate in mice, were higher as the 
mole percent of drug was increased, up to 50 mole per- 
cent amphotericin B. 

EXAMPLE 2 

Amphotericin B (140 mg; total drug 5 mole percent) 
was added to 1 .5 ml dimethyl sulfoxide (DM SO). DMPC 
(1400 mg) and 600 mg DMPG were dissolved in 50 ml 
methylene chloride, and the two solutions were trans- 
ferred to a flask. The solution was mixed until clear and 
then dried by rotoevaporation under reduced pressure 
to produce a film on the flask, then dried 1-4 days in a 
bell jar. After such drying, the film, which had formed 
dried flakes, was pulverized to a powder and mixed with 
100 ml or 50 ml of 0.9% saline, or 50 ml of USP water 
for injection. The resulting suspension was heated at 
37°C for one hour. 

The above example was repeated using methanol 
rather than DMSO as the suspending solvent for 
amphotericin B, and at mole percents of amphotericin B 
of 10, 16.7, and 33. One gm and 2 gm of egg phosphati- 
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dylcholine was used in place of the 7:3 mole ratio of 
DMPC:DMPG. 

EX AMPLE 3 

s 

Amphotericin B (100 mg; total drug 5 mole percent) 
was dissolved in 2.0 ml of DM SO. DMPC (100 mg in 1 .0 
ml) and DMPG (42 mg in 0.42 ml) were codissolved in 
chloroform in a flask and the chloroform removed by 
rotoevaporation under reduced pressure. Methylene 10 
chloride (20 ml) was added to the flask followed by the 
addition of 0.2 ml of the stock amphotericin B solution. 
This suspension was sonicated to clarity (about 1 
minute) under the conditions as stated in Example 1. 
PBS (0.3 ml), pH 7.2, was added and the methylene is 
chloride was then removed under a stream of nitrogen 
while sonicating. The resulting paste was resuspended 
in 1 0.0 ml PBS and centrifuged at 1 0,000 x g for 10 min- 
utes, followed by bath sonication for about 20 minutes. 

The above example was repeated using 16.7, 20, 20 
25, 33, 50, and 60 mole percent amphotericin B. 

EXAMPLE 4 

Amphotericin B (1 40 mg, total drug 5 mole percent) 25 
was dissolved in 1 .5 ml methylene chloride. The two 
solutions were mixed until clear, transferred to a flask, 
and mixed with 8.0 ml of PBS. Methylene chloride was 
evaporated under a nitrogen stream while in a bath son- 
icator. Sonication proceeded as in Example 1 . PBS (32 30 
ml) was added and the solution filtered with a 5 pm pore 
polytetrafluoroethylene (PTFE) Teflon filter, washed by 
centrifugation twice, and finally suspended in 100 ml 
PBS. 

The above example was repeated using 4.0 and 35 
12.0 ml of PBS to hydrate the lipid. 

EXAMPLE 5 

Amphotericin B (1 40 mg; total drug 5 mole percent) 40 
was dissolved in 1.5 ml DMSO. DMPC (1400 mg) and 
600 mg of DMPG were dissolved in 50 ml methylene 
chloride. The two solutions were mixed until clear, trans- 
ferred to a flask, and dried to a thin film by rotoevapora- 
tion under reduced pressure. The film was then 45 
resuspended in 50 ml methylene chloride, and 8.0 ml 
PBS was added to this solution. Methylene chloride was 
removed by evaporation under nitrogen while sonicat- 
ing, according to the procedure of Example 1. The 
resulting paste was further hydrated with 32 ml PBS, so 
and the suspension washed by centrifugation twice, 
finally resuspended in 100 ml PBS, and passed through 
a 5 micron pore size teflon (PTFE) filter. 

The above example was repeated using glycine 
buffer at pH 3, 6, and 9 in place of the PBS. ss 

The above example was also repeated using 5.0, 
10.0, 15.0, 20.0 ml of PBS as the volume of hydrating 
buffer. 



EXAMPLE 6 

Amphotericin B (140 mg; total drug 5 mole percent) 
was dissolved in 1.5 ml DMSO. Egg phosphotidytcho- 
line (EPC) (2.0 gm) was dissolved in 50 gm methylene 
chloride, and the two solutions mixed in a flask. PBS 
(8.0 ml) was added and the solvent removed under a 
nitrogen stream while sonicating, according to the pro- 
cedure of Example 1 . PBS (200 ml) was added. 

The above example was repeated using 10 and 20 
mole percent amphotericin B. 

EXAMPLE 7 

Amphotericin B (140 mg; total drug 5 mole percent) 
was dissolved in 1.5 ml DMSO. DMPC (1400 mg) and 
600 mg DMPG were dissolved in a 500 ml round bottom 
flask with 50 gm methylene chloride. The two solutions 
were mixed in a flask, and 10 ml water for injection, 
USP. at 37°C. was added. The solvent was evaporated 
using a nitrogen stream while sonicating, according to 
the procedure of Example 1, and 50 ml of water for 
injection, USP, was then added, and the solution 
warmed to 37°C for 30 minutes. 

The above example was repeated using 10 and 
16.7 mole percent amphotericin B, followed by the pas- 
sage of the solution through a 3 straight-through 
path polycarbonate filter, available from Nucleopore. 

EXAMPLE 8 

Amphotericin B (140 mg; total drug 16.7 mole per- 
cent) was mixed with 50 ml methanol and the mixture 
sonicated 15 minutes to form a solution, then passed 
through a 0.22 micron tortuous path filter (mixed cellu- 
lose and acetate nitrate esters) available from Millex. 
DMPC (350 mg) and 150 mg DMPG were codissolved 
in 50 gm methylene chloride, and was mixed with the fil- 
trate solution. The solvents were evaporated under a 
nitrogen stream while sonicating, according to the pro- 
cedure of Example 1. PBS (50 ml) was added. Half the 
preparation (25 ml) was lyophilized by standard lyophili- 
zation procedures. 

EXAMPLE 9 

To 2.0 ml of anhydrous ethanol was added 10 pJ of 
1N hydrochloric acid. Amphotericin B (20 mg; total drug 
5 mole percent) was added to the acidified ethanol and 
the mixture sonicated to clarity under the conditions as 
in Example 1 except for the sonication time being 30 
seconds to 60 seconds. DMPC (200 mg) and DMPG 
(42 mg) were placed in a test tube to which was added 
a benzene :m ethanol (70:30) solution, and the solution 
was lyophilized as in Example 8. The dried lipid was 
mixed with 2.0 ml of PBS and the mixture dispersed by 
vortical mixing. The amphotericin B solution (0.2 ml) 
was added to the lipid, and the mixture stirred overnight. 
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The resulting DMPC:DMPG MLVs (200 yJ) were layered 
onto a sucrose density gradient and centrifuged for 24 
hours at 22°C at 230,000 x g. Results are shown in Fig- 
ure 11 ; all the amphotericin B was associated with the 
lipid, in a broad distribution with the top of the gradient 5 
containing most of the lipid and the major amphotericin 
B peak at the bottom of the gradient. Alternatively, the 
resulting DM PC: DM PG MLVs were lyophilized and 
rehydrated with distilled water (2.0 ml). 

The above example was repeated using 7, 9, 16.7, 10 
1 7, 20, 25, 33, 50, and 60 mole percent amphotericin B. 
At the mole percent of drug at and above 16.7, mostly 
HDLCs were formed. Density centrrf ugation gradients of 
such high drug:lipid ratio preparations are similar to 
those shown in Figure 5, where all the drug and lipid are is 
co-associated in a single peak. 

EXAMPLE 10 

Samples of 25 mole percent amphotericin B- 20 
DMPC:DMPG were prepared for x-ray diffraction, DSC, 
freeze fracture electron microscopy, and 31 P-NMR stud- 
ies as follows: A 7:3 mole ratio of DMPC: DMPG (44 mg 
total lipid) and 20 mg amphotericin B (25 mole percent 
amphotericin B) was suspended in chloroform :methanol 25 
(70:30 v/v), and was evaporated under reduced pres- 
sure at 55°C to a thin film on the sides of a flask. The 
film was hydrated with 8.0 ml of 20 mM Hepes, 250 mM 
NaCI, pH 7.2, at 22°C by vortical mixing with glass 
beads. The preparation was centrifuged at 1 0,000 x g 30 
for 10 minutes, the supernatant decanted, and the pellet 
resuspended in 1 .0 ml of the Hepes/NaCI buffer. The 
preparation was then sonicated in a bath sonicator for 
20 minutes, at 25°C, 50-60 Hz. 

The above procedure was repeated using 0, 5, and ss 
50 mole percent amphotericin B. 

EXAMPLE 11 

To determine captured volume of amphotericin B- 40 
containing liposomes and HDLCs, the following proce- 
dure was followed: 

DMPC (100 mg), and 42 mg of DMPG, both in chlo- 
roform were combined with 10 mg amphotericin B (25 
mol %) in methanol (0.1 mg/ml amphotericin B) in a 45 
flask. The solvent was removed under reduced pres- 
sure at 37°C. PBS (3.7 ml), to which was added 0.3 ml 
of a dilute 3 H-inulin solution in distilled water was added 
to the dry lipid film, with agitation. An aliquot (1 0.2 ml) of 
this solution was placed in scintillation cocktail and so 
counted for radioactivity in a beta scintillation counter. A 
second aliquot was assayed for phosphate according to 
the method of Bartlett, J. Biol. Chem., 1959, 234:466- 
468. The lipid-drug suspension was centrifuged at 
1 0,000 X g for 1 0 minuutes, the supernatant discarded, 55 
and the pellet resuspended in PBS. The centrif ugation 
and pellet resuspension steps were carried out twice 
more; the last resuspension was sampled (100 ul) and 
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counted in a beta scintillation counter. A second aliquot 
of the final pellet resuspension was assayed for phos- 
phate as above. Percent entrapment of inulin was calcu- 
lated by dividing final radioactive counts by starting 
counts and multiplying by 100. Captured volume (ul inu- 
lin entrapped/nmol lipid) was also calculated. 

The above procedure was repeated using 0, 5, and 
50 mole % amphotericin B. 

EX AM P L E 12 

Amphotericin B particles were prepared by drying 
15.5 mg of DMPC and 6.5 mg DMPG (7:3 mole ratio) 
from about 10 ml of chloroform onto the sides of a 100 
ml round bottom flask. Amphotericin B (1 0 mg) was sus- 
pended in 100 ml of methanol, and 100.0 ml of the 
methanol solution was added to the flask and the lipid 
film suspended, giving 25 mole % of amphotericin B. 
The mixture was then dried under rotoevaporation at 
37°C to a thin film on the sides of the flask. The film was 
then hydrated with 4.0 ml of 10 mM Hepes, 150mM 
NaCI (pH 7.2) using glass beads, and sonicated for 30 
minutes, to produce a final suspension. A sample of this 
suspension was then heated to 60°C for 10 minutes, by 
immersion in a water bath. The resulting suspension 
was characterized by DSC, NMR, and freeze fracture 
electron microscopy. 

The above procedure was repeated, with no heat- 
ing of the sample. This sample was held at 22°C, and 
was also characterized by the above-named tech- 
niques. 

EXAMPLE 13 

The materials and procedures of Example 1 2 were 
repeated using 50 mole % and 5 mole % amphotericin 
B. These systems were characterized by DSC, ESR, 
and freeze fracture electron microscopy. 

EXAMPLE 14 

DSC measurements were carried out on a Micro 
Cal MC-1 Unit from Micro Cal, Inc., Amherst, MA. Sam- 
ple volumes of 0.70 ml containing 5-9 mg of suspension 
were injected into the sample cell, with the same vol- 
ume of buffer used in the reference ceil. Samples were 
heated either at about 26°C/hour or about 37°C/hour. 
Duplicate runs of the same sample with the same his- 
tory gave onset and completion temperatures reproduc- 
ible to 0.2°C. In general, samples containing 
amphotericin B were heated to 60°C, (no higher) and 
then cooled to 7-4°C for at least 2 hours in order to 
insure consistent sample history. 

EXAMPLE 15 

NMR spectra were obtained at 145.7 MHz on a 
Bruker AM360 wide bore NMR spectrometer using 8K 
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data points for acquisition, a sweep width of 50,000 Hz 
and a pulse width of 20 usee corresponding to a 45° 
pulse. Spectra were accumulated from up to 10,000 
transients. 

EXAMPLE 16 

A 0.1-0.3 |il aliquot of the specimen was sand- 
wiched between a pair of Balzers (Nashua, NH) copper 
support plates and rapidly plunged from 23°C into liquid 
propane. Samples were fractured and replicated on a 
double replicating device in a Balzers freeze-fracture 
unit at a vacuum of 2 x 10" 6 mbar or better and at - 
1 15°C. Replicas were floated off in 3N HN0 3 , followed 
by washing in a graded series of sodium hypochlorite 
solutions. These were finally cleaned in distilled water 
and picked up on 300 Hex mesh copper grids (Poly- 
sciences, PA). Replicas were viewed on a Philips 300 
electron microscope at a magnification of 3,000 to 
22,000 times. 

EXAMPLE 17 

Absorbance spectra (as in Figures 12 and 13) were 
made by diluting amphotericin B in Hepes/NaCI buffer to 
25 uM liter amphotericin B. A sample was placed in the 
sample cuvette of a Beckman Spectrophotometer and 
read at 300 to 500 nm. The sample cuvette was read 
against a buffer blank. 

EXAMPLE 18 

Samples for ESR were labeled with a series of posi- 
tional isomers of doxyl steric acids where the doxyl 
reporter group was present at different positions along 
the fatty acid chain. Labelling was effected by incorpo- 
rating the probe by vortexing and sonication from an 
ethanolic solution which was dried to a thin film on the 
side of a test tube. Ail samples were labeled to one mole 
percent. 

ESR spectra were recorded on an IBM Instruments 
ER100D ESR Spectrometer with nitrogen gas flow tem- 
perature regulation. An external calibrated thermistor 
probe (Omega Engineering, Inc., Stamford, CA) was 
used to monitor the temperature of the sample. ESR 
spectra were recorded at a microwave power of 10 MW 
and a microwave frequency of 9.11 GHZ with a field 
sweep of 100 G and a 100 kHz field modulation ampli- 
tude of 0.32 G. The order parameter was calculated 
from the maximum hyperfine splitting (A max). 

EXAMPLE 19 

Amphotericin B (337.5 g) was added to 3375 ml of 
DMSO and the amphotericin B (100 mg/ml) mixed to 
dissolution (about 3 hours) using a mechanical mixer. 
The mixture was transferred to a stainless steel pres- 
sure vessel (5 L capacity) and filtered through 0.22 



Sartofluor filter and polypropylene depth filter (Pall Pro- 
file, Pall, Inc., Glen Cove, N.Y). 

In a 40 L pressure vessel, 50.8 kg of methylene 
chloride was mixed with 225.0 g of DMPC and 99.0 g of 

5 DMPG, for 3.5 hours to completely dissolve. The result- 
ing lipid solution was transferred through a 0.2 M 2 Sar- 
tofluor 0.22 jim teflon filter into a stainless steel 
processing tank. The 40 L pressure vessel was washed 
with an additional 55.2 kg of methylene chloride, and 

10 similarly filtered into the processing tank The process- 
ing tank was set to rotary mix the lipid solution at 195 
rpm, and the amphotericin B DMSO solution was then 
transferred to the tank. Sodium chloride solution (16.2 
L, 0.9% USP) was then added to the tank through a 

is 0.22 nm Millipak 1 00 polycarbonate filter. 

Using a heat exchanger set at 35°C in series with 
the processing tank, a heated liquid nitrogen stream 
was passed across the tank and the solvent was 
removed over a 12 hour period. The resulting lipid-drug 

20 complex was diluted with sodium chloride 0.9% USP 
(7000 ml) transferred to the tank through a Millipak 100 
0.22 nm filter 

The resulting HDLCs were homogenized by using 
the Gifford Wood colloid mill and a rotary lobe pump. 

25 HDLCs were passed through the colloid mill head at an 
0.5 mil gap setting with back pressure of 10 psi, for 3 0 
hours, resulting in particles less than 20 nm. Particle 
size of the HDLCs was analyzed by the Malvern particle 
counter. 

30 

EXAMPLE 2Q 

Lipid (102.6 nmol total, 70:30 mole ratio of 
DMPC: DMPG dissolved in chloroform was pipetted into 
35 a 500 ml round bottom flask. Nystatin (500 mg) was dis- 
solved in 1 .0 I methanol (0.5 mg/ml) by sonication in a 
Branson bath sonicator. Dissolved nystatin (5.0 ml) was 
added to the round bottom flask containing lipid, and 
mixed; the solvent was then removed by rotary evapora- 
te tion at 45°C for 15 minutes, and the resulting prepara- 
tions rehydrated in saline (5.0 ml) by vortical mixing with 
glass beads. Upon light microscopic examination, lipo- 
somes were visible. 

The above was repeated using 25, 50, 75, and 100 
45 mole % nystatin. Upon freeze fracture electron micro- 
scopic examination, the preparation containing 25 mole 
% Nystatin were non-liposomal HDLCs. 

EXAMPLE 21 

50 

Upid (14.8 jimol/ml, 7:3 mo! ratio of DMPC:DMPG) 
was hydrated in distilled water and incubated at 4°C. 
The resulting MLVs were extruded through two stacked 
polycarbonate filters ten times using the LUVET proce- 
ss dure. 

Amphotericin B was dispersed in distilled water 
using a bath sonicator at a concentration of 10.8 
nmol/ml. The amphotericin B dispersion was added to 
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the lipid suspension to a final lipid and amphotericin B 
concentration of 13.5 ^mol/ml and 0.98 jimol/ml, 
respectively. To remove unincorporated amphotericin B, 
20 ml of the sample were centrifuged at 15,000 X g for 
30 minutes in a Ti60 or SW 27 rotor (Beckman) at 22°C 5 
in a Beckman L8-60 ultracentrifuge. The supernatant 
free amphotericin B was removed without disturbing the 
liposome pellet. The resulting liposomes were meas- 
ured by quasi -elastic light scattering to be larger than 
1 .0 ^m in diameter. w 

The above procedure employing incubation condi- 
tions of 23°C were repeated employing 150 mM NaCI, 
10 mM Na 2 P0 4 , pH 7.4 to hydrate the lipids. The result- 
ing liposomes were measured by quasielastic light scat- 
tering to be larger than 1 .0 urn in diameter. Rate of is 
amphotericin B uptake by liposomes was highest when 
the ionic strength of the medium was low (distilled water 
vs. 150 mM NaCI) (Figure 17). 

Figure 16 shows the uptake of amphotericin B into 
DMPC:DMPG liposomes under various incubation tern- 20 
perature conditions. Rate of uptake is similar at 23°C 
and 45°C. The drug also accumulates when the lipid is 
in the gel phase i.e., at 15°C. 

EXAMPLE 22 25 

The materials and procedures of Example 20 were 
employed, but wherein the lipid suspended in distilled 
water was incubated with the amphotericin B at 22°C. 
The resulting liposomes were unilamellar and meas- 30 
ured at about 0.1 - 0.2 um in mean diameter by quasi 
elastic light scattering. Figure 1 9 shows that the rate of 
amphotericin B uptake is faster in the first two hours with 
these LUVs than with MLVs. 

35 

Claims 

Claims for the following Contracting States : AT, BE, 
CH, LI, DE, FR, GB, IT, LU, NL, SE 

40 

1 . A pharmaceutical composition comprising a hydro- 
phobic bioactive agent-lipid complex, wherein the 
lipid comprises a saturated fatty acid or a phosphol- 
ipid, the concentration of the bioactive agent in the 
complex is at least 6 mole percent and the complex 45 
is substantially free of liposomes. 

2. The composition according to claim 1 , wherein the 
bioactive agent is a polyene antifungal antibiotic. 

so 

3. The composition according to any one of claims 1 
to 2, wherein the lipid comprises a phospholipid. 

4. The composition according to any one of claims 1 

to 3, wherein the mole percent of the bioactive ss 
agent is from 6 to 50 mole percent. 

5. The composition of claim 4, wherein the bioactive 



agent is a polyene antifungal agent, and wherein 
the mole percent of the polyene antifungal agent is 
from 6 to 50 mole percent. 

6. The composition of any one of claims 1 to 5, 
wherein the lipid comprises a saturated phospholi- 
pid or a saturated fatty acid. 

7. The composition of any one of claims 1 to 6, 
wherein the phospholipid comprises phosphatidyl- 
choline and phosphatidylglycerol. 

8. The composition of claim 7, wherein the phosphati- 
dylcholine is dimyristoylphosphatidylcholine and 
the phosphatidylglycerol is dimyristoylphosphati- 
dylglycerol. 

9. The composition of claim 8, wherein the phosphati- 
dylcholine and the phosphatidylglycerol are in a 
mole ratio of 7:3. 

10. The composition of any one of claims 2 to 9, 
wherein the mole percent of polyene antifungal 
agent is between 25 and 50 mole percent. 

11. The composition of any one of claims 2 to 10, 
wherein the polyene antifungal agent is amphoter- 
icin B. 

12. The composition of any one of claims 2 to 10, 
wherein the polyene antifungal agent is nystatin. 

13. The composition of any one of claims 1 to 12, 
wherein the size of the hydrophobic bioactive 
agent-lipid complex is between 0.2 and 10 jim. 

14. The pharmaceutical composition of any one of 
claims 1 to 13, further comprising a pharmaceuti- 
cal^ acceptable carrier or diluent. 

15. The pharmaceutical composition of claim 14 which 
is adapted for parenteral administration. 

16. The pharmaceutical composition according to claim 
14 or 1 5 for treating an infectious disease in a mam- 
mal with an effective amount of the pharmaceutical 
composition, especially a fungal infection and a 
viral infection. 

17. A method for preparing a pharmaceutical composi- 
tion according to any one of claims 1 to 13, com- 
prising a hydrophobic bioactive agent-lipid 
complex, wherein the method comprises the steps 
of: 

(a) dissolving at least one lipid in an organic 
solvent of intermediate polarity; 

(b) dissolving the drug in a biocompatible 
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organic solvent; and 

(c) admixing the solution of (a) with the solution 
of step (b). 

18. A method for preparing a pharmaceutical composi- s 
tion according to any one of claims 1 to 13, com- 
prising a hydrophobic bioactive agent-lipid 
complex, wherein the method comprises the steps 

of: 

10 

(a) dissolving at least one lipid in an organic 
solvent of intermediate polarity; 

(b) dissolving the drug in an organic solvent; 

(c) admixing the solution of step (a) with that of 
step (b); and is 

(d) dehydrating the mixture resulting from step 
(c) above. 

19. A method for preparing a hydrophobic bioactive 
agent-lipid complex according to any one or claims 20 
1 to 13, wherein the method comprises the steps of: 

(a) dissolving at least one lipid in an organic 
solvent of intermediate polarity; 

(b) dissolving the drug in a biocompatible 2s 
organic solvent; 

(c) admixing the product of step (a) with that of 
step (b); 

(d) evaporating the solvent from the mixture of 
step (c) above under reduced pressure to pro- 30 
duce a dried lipid film; and 

(e) adding an aqueous solution to the film of 
step (d). 

20. A method for preparing a hydrophobic bioactive 35 
agent-lipid complex according to any one of claims 

1 to 13, wherein the method comprises the steps of: 

(a) dissolving the drug in a biocompatible 
organic solvent; 40 

(b) dissolving at least one lipid in an organic 
solvent of intermediate polarity and mixing it 
with the solution of step (a); 

(c) adding an aqueous solution to the mixed 
solutions (a) and (b) above and evaporating the 45 
solvents under pressure to form a paste; and 

(d) adding aqueous solution to the paste of 
step (c) above. 

21 . A method for determining the toxicity of a hydropho- 50 
bic bioactive agent-lipid complex as defined in any 
one of claims 1 to 13 by reading the absorbance 
spectrum of the hydrophobic bioactive agent-lipid 
complex preparation and measuring the peak inten- 
sity. 55 

22. A method for preparing a composition comprising a 
hydrophobic bioactive agent-lipid complex compris- 



ing a drug and a lipid in a high drugrlipid mole ratio, 
wherein the method comprises the steps of: 

(a) suspending a drug in an aqueous solution; 

(b) suspending a lipid in an aqueous solution; 

(c) admixing the products of steps (a) and (b); 
and 

(d) incubating the product of step (c) at or 
above the transition temperature of the lipid 

23. The method of claim 22, wherein the drug is sus- 
pended in aqueous solution by sonication. 

Claims for the following Contracting States : ES, GR 

1 . A method for preparing a pharmaceutical composi- 
tion comprising a hydrophobic bioactive agent-lipid 
complex, wherein the lipid comprises a saturated 
fatty acid or a phospholipid, the concentration of the 
bioactive agent in the complex is at least 6 mole 
percent and the complex is substantially free of 
liposomes, the method comprising the step of 
admixing a solution of the lipid with a solution of the 
bioactive agent. 

2. The method according to claim 1, wherein the bio- 
active agent is a polyene antifungal antibiotic. 

3. The method according to any one of claims 1 to 2, 
wherein the lipid comprises a phospholipid. 

4. The method according to any one of claims 1 to 3, 
wherein the mole percent of the bioactive agent is 
from 6 to 50 mole percent. 

5. The method of claim 4, wherein the bioactive agent 
is a polyene antifungal agent, and wherein the mole 
percent of the polyene antifungal agent is from 6 to 
50 mole percent. 

6. The method of any one of claims 1 to 5, wherein the 
lipid comprises a saturated phospholipid or a satu- 
rated fatty acid. 

7. The method of any one of claims 1 to 6, wherein the 
phospholipid comprises phosphatidylcholine and 
phosphatidylglycerol. 

8. The method of claim 7, wherein the phosphatidyl- 
choline is dimyristoylphosphatidylcholine and the 
phosphatidylglycerol is dimyristoylphosphatidylg- 
lycerol. 

9. The method of claim 8. wherein the phosphatidyl- 
choline and the phosphatidylglycerol are in a mole 
ratio of 7:3. 

1 0. The method of any one of claims 2 to 9, wherein the 
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mole percent of polyene antifungal agent is 
between 25 and 50 mole percent. 

11. The method of any one of claims 2 to 10, wherein 
the polyene antifungal agent is amphotericin B. s 

12. The method of any one of claims 2 to 10, wherein 
the polyene antifungal agent is nystatin. 

13. The method of any one of claims 1 to 12, wherein w 
the size of the hydrophobic bioactive agent-lipid 
complex is between 0.2 and 10 urn. 

14. The method according to any one of claims 1 to 13 
comprising admixing the hydrophobic bioactive 15 
agent-lipid complex and a pharmaceutical ly accept- 
able carrier or diluent. 

15. The method of claim 14, in which the carrier is 
adapted for parenteral administration. 20 

16. The method according to claim 14 or 15 for treating 
an infectious disease in a mammal with an effective 
amount of the pharmaceutical composition, espe- 
cially a fungal infection and a viral infection. 25 

17. A method for preparing a pharmaceutical composi- 
tion according to any one of claims 1 to 13 compris- 
ing a hydrophobic bioactive agent-lipid complex , 
wherein the method comprises the steps of: 30 



18. A method for preparing a pharmaceutical composi- 
tion according to any one of claims 1 to 1 3 compris- <o 
ing a hydrophobic bioactive agent-lipid complex, 
wherein the method comprises the steps of: 



organic solvent; 

(c) admixing the product of step (a) with that of 
step (b); 

(d) evaporating the solvent from the mixture of 
step (c) above under reduced pressure to pro- 
duce a dried lipid film; and 

(e) adding an aqueous solution to the film of 
step (d). 

20. A method for preparing a hydrophobic bioactive 
agent-lipid complex according to any one of claims 
1 to 1 3, wherein the method comprises the steps of: 

(a) dissolving the drug in a biocompatible 
organic solvent; 

(b) dissolving at least one lipid in an organic 
solvent of intermediate polarity and mixing it 
with the solution of step (a); 

(c) adding an aqueous solution to the mixed 
solutions (a) and (b) above and evaporating the 
solvents under pressure to form a paste; and 

(d) adding aqueous solution to the paste of 
step (c) above. 

21 . A method for determining the toxicity of a hydropho- 
bic bioactive agent-lipid complex as defined in any 
one of claims 1 to 13 by reading the absorbance 
spectrum of the hydrophobic bioactive agent-lipid 
complex preparation and measuring the peak inten- 
sity. 

22. A method for preparing a composition comprising a 
hydrophobic bioactive agent-lipid complex compris- 
ing a drug and a lipid in a high drug:lipid mole ratio, 
wherein the method comprises the steps of: 

(a) suspending a drug in an aqueous solution; 

(b) suspending a lipid in an aqueous solution; 

(c) admixing the products of steps (a) and (b); 
and 

(d) incubating the product of step (c) at or 
above the transition temperature of the lipid. 

23. The method of claim 22, wherein the drug is sus- 
pended in aqueous solution by sonication. 

Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : AT, 
BE, CH, LI, DE, FR, GB, IT, LU, NL, SE 



(a) dissolving at least one lipid in an organic 
solvent of intermediate polarity; 45 

(b) dissolving the drug in an organic solvent; 

(c) admixing the solution of step (a) with that of 
step (b); and 

(d) dehydrating the mixture resulting from step 

(c) above. so 



(a) dissolving at least one lipid in an organic 
solvent of intermediate polarity; 

(b) dissolving the drug in a biocompatible 
organic solvent; and 35 

(c) admixing the solution of (a) with the solution 
of step (b). 



19. A method for preparing a hydrophobic bioactive 4 1. Pharmazeutische Zusammensetzung, die einen 

agent-lipid complex according to any one of claims hydrophoben bioaktives Mittel-Lipid-Komplex 

1 to 13, wherein the method comprises the steps of: umfaBt, wobei das Lipid eine gesattigte Fettsaure 

ss oder ein Phospholipid umfaBt, wobei die Konzentra- 

(a) dissolving at least one lipid in an organic tion des bioaktiven Mittels in dem Komplex wenig- 
solvent of intermediate polarity; stens 6 Molprozent betragt und der Komplex im 

(b) dissolving the drug in a biocompatible wesentlichen frei von Liposomen ist. 
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2. 



3. 



4. 



5. 



6. 



Zusammensetzung nach Anspruch 1, worin das 
bioaktive Mittel ein antimykotisches Polyen-Antibio- 
tikum ist. 

Zusammensetzung nach einem der Anspruche 1 5 
bis 2, worin das Lipid ein Phospholipid umfafit. 

Zusammensetzung nach einem der Anspruche 1 
bis 3, worin die Motprozertte des bioaktiven Mittels 
von 6 bis 50 Molprozent betragen. 10 

Zusammensetzung nach Anspruch 4 worin das bio- 
aktive Mittel ein antimykotisches Polyen-Mittel ist 
und worin die Molprozente des antimykotischen 
Polyen-Mittels 6 bis 50 Molprozent betragen. 15 

Zusammensetzung nach einem der Anspruche 1 
bis 5, worin das Phospholipid ein gesattigtes Phos- 
pholipid Oder eine gesattigte Fettsaure umfaBt. 



7. 



8. 



9. 



Zusammensetzung nach einem der Anspruche 1 
bis 6, worin das Phospholipid Phosphatidylcholin 
und Phosphatidylglycerol umfaBt. 

Zusammensetzung nach Anspruch 7, worin das 
Phosphatidylcholin Dimyristoylphosphatidylcholin 
und das Phosphatidylglycerol Dimyristoylphospha- 
tidyl glycerol ist. 

Zusammensetzung nach Anspruch 8, worin das 
Phosphatidylcholin und das Phosphatidylglycerol in 
einem Molverhaitnis von 7 : 3 vorliegen. 



10. Zusammensetzung nach einem der AnsprOche 2 
bis 9, worin die Molprozente des antimykotischen 
Polyen-Mittels zwischen 25 und 50 Molprozent lie- 
gen. 

11. Zusammensetzung nach einem der Anspruche 2 
bis 10, worin das antimykotische Polyen-Mittel 
Amphotericin B ist. 



20 



25 



35 



40 



12. Zusammensetzung nach einem der Anspruche 2 
bis 10, worin das antimykotische Polyen-Mittel 
Nystatin ist. 45 

13. Zusammensetzung nach einem der Anspruche 1 
bis 12, worin die GrOBe des hydrophoben Komple- 
xes bioaktives Mittel-Upid zwischen 0,2 und 10 ^im 
liegt. 50 

14. Pharmazeutische Zusammensetzung nach einem 
der AnsprOche 1 bis 13, die auBerdem einen phar- 
mazeutisch annehmbaren Trager Oder ein pharma- 
zeutisch annehmbares Verdunnungsmittel umfaBt. 55 

15. Pharmazeutische Zusammensetzung nach 
Anspruch 14, die fur die parenteral Verabreichung 



angepaBt ist. 

16. Pharmazeutische Zusammensetzung nach 
Anspruch 14 Oder 15 zur Behandlung einer Infekti- 
onskrankheit in einem Sauger mit einer wirksamen 
Menge der pharmazeutischen Zusammensetzung, 
insbesondere fur eine fungale Infektion und eine 
virale Infektion. 

17. Verfahren zur Herstellung einer pharmazeutischen 
Zusammensetzung nach einem der Anspruche 1 
bis 13, die einen hydrophoben Komplex bioaktives 
Mittel- Lipid umfaBt, wobei das Verfahren die Stufen 
umfaBt: 

(a) Losen von wenigstens einem Lipid in einem 
organischen LOsungsmittel intermediarer Pola- 
ritat; 

(b) Losen des Arzneimittels in einem biokonv 
patiblen organischen LOsungsmittel; und 

(c) Vermischen der LOsung (a) mit der LOsung 
von Stufe (b). 

18. Verfahren zur Herstellung einer pharmazeutischen 
Zusammensetzung nach einem der Anspruche 1 
bis 13. die einen hydrophoben Komplex bioaktives 
Mittel- Lipid umfaBt, wobei das Verfahren die Stufen 
umfaBt: 

(a) Losen von wenigstens einem Lipid in einem 
organischen LOsungsmittel intermediarer Pola- 
ritat; 

(b) LOsen des Arzneimittels in einem organi- 
schen LOsungsmittel; 

(c) Vermischen der LOsung der Stufe (a) mit 
der LOsung von Stufe (b); und 

(d) Dehydratisieren des Gemisches. das aus 
Stufe (c) oben resultiert. 

19. Verfahren zur Herstellung eines hydrophoben Kom- 
plexes bioaktives Mittel- Lip id nach einem der 
AnsprOche 1 bis 13, wobei das Verfahren die Stufen 
umfaBt: 

(a) LOsen von wenigstens einem Lipid in einem 
organischen LOsungsmittel intermediarer Pola- 
ritat; 

(b) LOsen des Arzneimittels in einem biokom- 
patiblen organischen LOsungsmittel; 

(c) Vermischen des Produktes der Stufe (a) mit 
dem von Stufe (b); 

(d) Verdampfen des Losungsmittels aus dem 
Gemisch von Stufe (c) oben unter verminder- 
tem Druck zur Herstellung eines getrockneten 
Lipidfilmes; und 

(e) Zugabe einer wSBrigen LOsung zu dem 
Film von Stufe (d). 
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20. Verfahren zur Herstellung eines hydrophoben Kom- 
plexes bioaktives Mittel-Lipid nach einem der 
Anspruche 1 bis 13, wobei das Verfahren die Stufen 
umfaBt: 

(a) L6sen des Arzneimittels in einem biokom- 
patiblen organischen LOsungsmittel; 

(b) Losen wenigstens eines Lipids in einem 
organischen LOsungsmittel inter mediarer Pola- 
ritat und Vermischung dessen mit der LOsung 
von Stufe (a); 

(c) Zugabe einer waBrigen LOsung zu den ver- 
mischten LOsungen (a) und (b) oben und Ver- 
dampfung der LOsungsmittel unter Druck zur 
Bildung einer Paste; und 

(d) Zugabe von wSBriger LOsung zu der Paste 
von Stufe (c) oben. 

21. Verfahren zur Bestimmung der Toxizitat eines 
hydrophoben Komplexes bioaktives Mittel-Lipid, 
wie in einem der Anspruche 1 bis 13 definiert, 
durch Ablesen des Absorption sspektr urns der 
hydrophoben Komplexpraparation bioaktives Mittel- 
Lipid und Messung der Peak-lntensitat. 

22. Verfahren zur Herstellung einer Zusammen- 
setzung, die einen hydrophoben Komplex bioakti- 
ves Mittel-Lipid umfaBt, der ein Arzneimittel und ein 
Lipid in einem hohen Arzneimittel : Lipid-Molver- 
haltnis umfaBt, wobei das Verfahren die Stufen 
umfaBt: 

(a) Suspendieren eines Arzneimittels in einer 
waBrigen LOsung; 

(b) Suspendieren eines Lipids in einer waBri- 
gen LOsung; 

(c) Vermischen der Produkte von Stufe (a) und 
(b); und 

(d) Inkubieren des Produktes von Stufe (c) bei 
Oder oberhalb der Ubergangstemperatur des 
Lipids. 

23. Verfahren nach Anspruch 22, worin das Arzneimit- 
tel in einer waBrigen LOsung durch Sonifikation 
suspendiert wird. 

Patentanspruche fur folgende Vertragsstaaten : ES, 
GR 

1 . Verfahren zur Herstellung einer pharmazeutischen 
Zusammensetzung, die einen hydrophoben Kom- 
plex bioaktives Mittel-Lipid umfaBt, worin das Lipid 
eine gesattigte Fettsaure oder ein Phospholipid 
umfaBt, wobei die Konzentration des bioaktiven Mit- 
tels in dem Komplex wenigstens 6 Molprozent 
betragt und der Komplex im wesentlichen frei von 
LJposomen ist, wobei das Verfahren die Stufe des 
Vermischens einer LOsung des Lipids mit einer 



LOsung des bioaktiven Mittels umfaBt. 

2. Verfahren nach Anspruch 1, worin das bioaktive 
Mittel ein antimykotisches Polyen-Antibiotikum ist. 

5 

3. Verfahren nach einem der Anspruche 1 bis 2, worin 
das Lipid ein Phospholipid umfaBt. 

4. Verfahren nach einem der AnsprOche 1 bis 3, worin 
10 die Molprozente des bioaktiven Mittels von 6 bis 50 

Molprozent betragen. 

5. Verfahren nach Anspruch 4, worin das bioaktive 
Mittel ein antimykotisches Polyen-Mittel ist und 

15 worin die Molprozente des antimykotischen Polyen- 
Mittels 6 bis 50 Molprozent betragen. 

6. Verfahren nach einem der Anspruche 1 bis 5, worin 
das Lipid ein gesattigtes Phospholipid oder eine 

20 gesattigte Fettsaure umfaBt. 

7. Verfahren nach einem der Anspruche 1 bis 6, worin 
das Phospholipid Phosphatidylcholin und Phospha- 
tidylglycerol umfaBt. 

25 

8. Verfahren nach Anspruch 7, worin das Phosphati- 
dylcholin Dimyristoylphosphatidylcholin und das 
Phosphatidylglycerol Dimyristoylphosphatidyl- 
glycerol ist. 

30 

9. Verfahren nach Anspruch 8, worin das Phosphati- 
dylcholin und das Phosphatidylglycerol in einem 
Molverhaltnis von 7 : 3 vorliegen. 

35 1 0. Verfahren nach einem der Anspruche 2 bis 9, worin 
die Molprozente des antimykotischen Polyen-Mit- 
tels zwischen 25 und 50 Molprozent liegen. 

11. Verfahren nach einem der Anspruche 2 bis 10, 
40 worin das antimykotische Polyen-Mittel Amphoteri- 
cin B ist. 

12. Verfahren nach einem der Anspruche 2 bis 10, 
worin das antimykotische Polyen-Mittel Nystatin ist. 

45 

13. Verfahren nach einem der Anspruche 1 "bis 12, " 
worin die GrOBe des hydrophoben Komplexes bio- 
aktives Mittel-Lipid zwischen 0,2 und 10 pm liegt. 

so 14. Verfahren nach einem der Anspruche 1 bis 13. 
umfassend das Vermischen des hydrophoben 
Komplexes bioaktives Mittel-Lipid und eines phar- 
mazeutisch annehmbaren Tragers oder Verdun- 
nungsmittels. 

55 

1 5. Verfahren nach Anspruch 1 4, worin der Trager fur 
die parenterale Verabreichung angepaBt ist. 
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16. Verfahren nach Anspruch 14 Oder 15 zur Behand- 
lung einer Infektionskrankheit in einem Sauger mit 
einer wirksamen Menge der pharmazeutischen 
Zusammensetzung, insbesondere fur eine fungale 
Infektion und eine virale Infektion. s 

17. Verfahren zur Herstellung einer pharmazeutischen 
Zusammensetzung nach einem der Anspruche 1 
bis 1 3, die einen hydrophoben Komplex bioaktives 
Mitt el -Lipid umfaBt, wobei das Verfahren die Stufen 10 
umfaBt: 

(a) LOsen von wenigstens einem Lipid in einem 
organischen Losungsmittel intermediarer Pola- 
ritat; 15 

(b) LOsen des Arzneimittels in einem biokom- 
patiblen organischen Losungsmittel; und 

(c) Vermischen der LOsung (a) mit der LOsung 
von Stufe (b). 

20 

18. Verfahren zur Herstellung einer pharmazeutischen 
Zusammensetzung nach einem der Anspruche 1 
bis 13, die einen hydrophoben Komplex bioakives 
Mittel-Lipid umfaBt, wobei das verfahren die Stufen 
umfaBt: 25 

(a) LOsen von wenigstens einem Lipid in einem 
organischen Losungsmittel intermediarer Pola- 
ritat; 

(b) LOsen des Arzneimittels in einem organi- 30 
schen Losungsmittel; 

(c) Vermischen der LOsung der Stufe (a) mit 
der von Stufe (b); und 

(d) Dehydratisieren des Gemisches, das aus 
Stufe (c) oben resultiert. 35 

19. Verfahren zur Herstellung eines hydrophoben Kom- 
plexes bioaktives Mittel-Lipid nach einem der 
Anspruche 1 bis 13, wobei das Verfahren die Stufen 
umfaBt: 40 

(a) LOsen von wenigstens einem Lipid in einem 
organischen Losungsmittel intermediarer Pola- 
ritat; 

(b) LOsen des Arzneimittels in einem biokom- 45 
patiblen organischen LOsungsmittel; 

(c) Vermischen des Produktes der Stufe (a) mit 
dem von Stufe (b); 

(d) Verdampfen des LOsungsmittels aus dem 
Gemisch von Stufe (c) oben unter verminder- so 
tern Druck zur Herstellung eines getrockneten 
Lipidfilmes; und 

(e) Zugabe einer waBrigen LOsung zu dem 
Film von Stufe (d). 

55 

20. Verfahren zur Herstellung eines hydrophoben Kom- 
plexes bioaktives Mittel-Lipid nach einem der 
Anspruche 1 bis 13, wobei das Verfahren die Stufen 



umfaBt: 

(a) LOsen des Arzneimittels in einem biokom- 
patiblen organischen Losungsmittel; 

(b) Losen von wenigstens einem Lipid in einem 
organischen Losungsmittel intermediarer Pola- 
ritat und Vermischung dessen mit der LOsung 
von Stufe (a); 

(c) Zugabe einer waBrigen LOsung zu den ver- 
mischten LOsungen (a) und (b) oben und Ver- 
dampfung der Losungsmittel unter Druck zur 
Bildung einer Paste; und 

(d) Zugabe von waBriger LOsung zu der Paste 
von Stufe (c) oben. 

21. Verfahren zur Bestimmung der Toxizitat eines 
hydrophoben Kbmplexes bioaktives Mittel-Lipid, 
wie in einem der Anspruche 1 bis 13 definiert, 
durch Ablesen des Absorptionsspektrums der 
hydrophoben Komplexpraparation bioaktives Mittel- 
Upid und Messung der Peak-lntensitat. 

22. Verfahren zur Herstellung einer Zusammen- 
setzung, die einen hydrophoben Komplex bioakti- 
ves Mittel-Lipid umfaBt, der ein Arzneimittel und ein 
Lipid in einem hohen Arzneimittel Lipid-Molverhait- 
nis umfaBt, wobei das Verfahren die Stufen umfaBt: 

(a) Suspendieren eines Arzneimittels in einer 
wdBrigen LOsung; 

(b) Suspendieren eines Lipids in einer waBri- 
gen LOsung; 

(c) Vermischen der Produkte von Stufe (a) und 
(b); und 

(d) Inkubieren des Produktes von Stufe (c) bei 
Oder oberhalb der Ubergangstemperatur des 
Lipids. 

23. Verfahren nach Anspruch 22, worin das Arzneimit- 
tel in einer waBrigen Lflsung durch Sonrfikation 
suspendiert wind. 

Revendications 

Revendications pour les Etats contractants sui- 
vants : AT, BE, CH, LI, DE, FR, GB, IT, LU, NL, SE - 

1 . Composision pharmaceutique comprenant un com- 
plexe lipide-agent bioactif hydrophobe, dans 
laquelle le lipide comprend un acide gras ou un 
phospholipide, la concentration de I'agent bioactif 
dans le complexe est d'au moins 6 % en moles et le 
complexe est pratiquement exempt de liposomes. 

2. Composition selon la revendication 1 , dans laquelle 
I'agent bioactif est un antibiotique antifongique de 
type polyene. 
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3. Composition selon la revendication 1 ou 2, dans 
taquelle le iipide comprend un phospholipids 

4. Composition selon Tune quelconque des revendi- 
cations 1 a 3, dans laquelle le pourcerrtage en s 
moles de Pagent bioactif va de 6 a 50% en moles. 

5. Composition seion la revendication 4, dans laquelle 
I'agent bioactif est un agent antifongique de type 
polyene, et dans laquelle le pourcentage en moles 10 
de I'agent antifongique de type polyene va de 6 a 

50 % en moles. 

6. Composition selon Tune quelconque des revendi- 
cations 1 a 5, dans laquelle le prospholipide com- is 
prend un phospholipide sature ou un acide gras 
sature. 

7. Composition selon I'une quelconque des revendi- 
cations 1 a 6, dans laquelle le pnospholipide com- 20 
prend une phosphatidylcholine et un 
phosphatidylglycerol. 

8. Composition selon la revendication 7, dans laquelle 

la phosphatidylcholine est la dimyristoylphosphati- 25 
dylcholine et le phosphatidylglycerol est le dimyris- 
toylphosphatidylglycerol. 

9. Composition selon la revendication 8, dans laquelle 

la phosphatidylcholine et le phosphatidylglycerol 30 
sont en un rapport molaire de 7:3. 

10. Composition selon I'une quelconque des revendi- 
cations 2 a 9, dans laquelle ie pourcentage en 
moles d'agent antifongique de type polyene est 35 
compris entre 25 et 50% en moles. 

11. Composition selon I'une quelconque des revendi- 
cations 2 a 10, dans laquelle I'agent antifongique de 
type polyene est I'amphotericine B. 40 

12. Composition selon I'une quelconque des revendi- 
cations 2 a 1 0, dans laquelle I'agent antifongique de 
type polyene est la nystatine. 

45 

13. Composition-selon I'une quelconque des revendi- 
cations 1 a 12, dans laquelle la taille du complexe 
lipide-agent bioactif hydrophobe est comprise entre 
0,2 et 10 urn. 

so 

14. Composition pharmaceutique selon I'une quelcon- 
que des revendications 1 a 13 comprenant en outre 
un v£hicule ou diluant pharmaceutique acceptable. 

15. Composition pharmaceutique selon la revendica- 55 
tion 14, qui estdestinee a I'administration parente- 
rale. 



16. Composition pharmaceutique selon la revendica- 
tion 14 ou 15, pour le traitement d'une maladie 
infectieuse, en parttculier d'une infection fongique 
et d'une infection virale, chez un mammifere, par 
une quantite efficace de la composition pharma- 
ceutique. 

17. Procede pour la preparation d'une composition 
pharmaceutique selon I'une quelconque des reven- 
dications 1 a 13 comprenant un complexe lipide- 
agent bioactif hydrophobe, lequel procede com- 
prend les 6tapes suivantes: 

(a) dissolution d'au moins un Iipide dans un sol- 
vant organique de polarite inter mediaire; 

(b) dissolution du medicament dans un sotvant 
organique biocompatible; et 

(c) melange de la solution de (a) avec la solu- 
tion de (b). 

18. Procede pour la preparation d'une composition 
pharmaceutique selon I'une quelconque des reven- 
dications 1 a 13 comprenant un complexe lipide- 
agent bioactif hydrophobe, lequel procede com- 
prend les etapes suivantes: 

(a) dissolution d'au moins un Iipide dans un sol- 
vant organique de polarite intermediaire; 

(b) dissolution du medicament dans un solvant 
organique; 

(c) melange de la solution de I'etape (a) avec 
cellede I'etape (b); et 

(d) deshydratation du melange resultant de 
I'etape (c) ci-dessus. 

19. Procede pour la preparation d'un complexe lipide- 
agent bioactif hydrophobe selon I'une quelconque 
des revendications 1 a 13, lequel procede com- 
prend les etapes suivantes: 

(a) dissolution d'au moins un Iipide dans un sol- 
vant organique de polarite intermediaire; 

(b) dissolution du medicament dans un solvant 
organique biocompatible; et 

(c) melange du produit de I'etape (a) avec celui 
de I'etape (b); 

(d) evaporation du solvant du melange de 
I'etape (c) ci-dessus, sous pression reduite, 
pour la production d'une pellicule de Iipide 
sech6; et 

(e) addition d'une solution aqueuse a la pelli- 
cule de l'6tape (d). 

20. Procede pour la preparation d'un complexe lipide- 
agent bioactif hydrophobe selon I'une quelconque 
des revendications 1 a 13, lequel procede com- 
prend les etapes suivantes: 
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(a) dissolution du medicament dans un solvant 
organique biocompatible; 

(b) dissolution d'au moins un lipide dans un sol- 
vant organique de polarite intermediate et 
melange de cette solution avec la solution de s 
retape (a); 

(c) addition d'une solution aqueuse aux solu- 
tions (a) et (b) meiangees cidessus, et evapo- 
ration des solvants sous pression pour la 
formation d'une pate; et 10 

(d) addition d'une solution aqueuse a la pate de 
retape (c) ci-dessus. 



21 . Precede pour la determination de la toxicite d'un 
complexe lipide-agent bioactif hydrophobe, tel que is 
def ini dans i'une quelconque des revendications 1 a 

13, par lecture du spectre d'absorption de la com- 
position de complexe lipide-agent bioactif hydro- 
phobe et mesure de I'intensite maximale. 

20 

22. Precede pour la preparation d'une composition 
comprenant un complexe lipide-agent bioactif 
hydrophobe comprenant un medicament et un 
lipide en un rapport molaire lipide:medicament 
eleve, lequel procede comprend les etapes suivan- 25 
tes: 

(a) mise en suspension d'un medicament dans 
une solution aqueuse ; 

(b) mise en suspension d'un lipide dans une 30 
solution aqueuse ; 

(c) melange des produits des etapes (a) et (b) ; 
et 

(d) mise a incubation du produit de I'elape (c) a 

la temperature de transition du lipide ou au- 35 
dessus. 

23. Process selon la revendication 22, dans lequel le 
medicament est mis en suspension dans la solution 
aqueuse par sonication. 40 

Revendications pour les Etats contractants sul- 
vants : ES, GR 

1. Procede Pour la preparation d'une composition 4$ 
pharmaceutique comprenant un complexe lipide- 
agent bioactif hydrophobe, dans laquelle le lipide 
comprend un acide gras sature ou un phospholi- 
pide, la concentration de I'agent bioactif dans le 
complexe est d'au moins 6 % en moles et le com- so 
plexe est pratiquement exempt de liposomes, 
caracterise en ce que le procede conprend I'etape 

de melange d'une solution du lipide avec une solu- 
tion de I'agent bioactif. 

55 

2. Precede selon la revendication 1, dans lequel 
I'agent bioactif est un antibiotique antifongique de 
type polyene. 



40 

3. Precede selon la revendication 1 ou 2, dans lequel 
le lipide comprend un phospholipide. 

4. Procede selon i'une quelconque des revendications 
1 a 3, dans lequel le pourcentage en moles de 
I'agent bioactif va de 6 a 50 % en moles. 

5. Precede selon la revendication 4, dans lequel 
I'agent bioactif est un agent antifongique de type 
polyene, et dans lequel le pourcentage en moles de 
I'agent antifongique de type polyene va de 6 a 50 % 
en moles. 

6. Procede selon i'une quelconque des revendications 
1 a 5, dans lequel le lipide comprend un phospholi- 
pide sature ou un acide gras sature. 

7. Procede selon I'une quelconque des revendications 

1 d 6, dans lequel le phospholipide conprend une 
phosphatidylcholine et un phosphatidylglycerol. 

8. Procede selon la revendication 7, dans lequel la 
phosphatidylcholine est la dimyristoylphosphatidyl- 
cnoline et le phosphatidylglycerol est le dimyristoyl- 
phosphatidylglyceroL 

9. Procede selon la revendication 8, dans lequel la 
phosphatidylcholine et le phosphatidylglycerol sont 
en un rapport molaire de 7:3. 

1 0. Procede selon I'une quelconque des revendications 

2 a 9, dans lequel le pourcentage en moles de 
I'agent antifongique de type polyene est compris 
entre 25 et 50 % en moles. 

1 1 . Procede selon I'une quelconque des revendications 
2 a 10, dans lequel I'agent antifongique de type 
polyene est ramphotericine B. 

1 2. Procede selon I'une quelconque des revendications 
2 a 10, dans lequel I'agent antifongique de type 
polyene est la nystatine. 

1 3. Procede selon I'une quelconque des revendications 
1 a 12, dans lequel la taille du complexe lipide- 
agent bioactif hydrophobe est comprise entre 0,2 et 
10 urn. 

1 4. Procede selon I'une quelconque des revendications 
1 a 13, comprenant le melange du complexe lipide- 
agent bioactif hydrophobe et d'un vehicule ou 
diluant pharmaceutiquement acceptable. 

15. Procede selon la revendication 14, dans lequel le 
vehicule est destine a I'administration parenterale. 

16. Procede selon la revendication 14 ou 15, pour le 
traitement d'une maladie infectieuse, en particulier 
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d'une infection fongique et d'une infection virale, 
chez un mammifere, par une quantite efficace de la 
composition pharmaceutique. 

17. Precede pour la preparation d'une composition 5 
pharmaceutique selon Tune quelconque des reven- 
dications 1 a 13, comprenant un complexe lipide- 
agent bioactii hydrophobe, caracterise en ce que le 
procede comprend les etapes suivantes: 

10 

(a) dissolution d'au moins un lipide dans un sol- 
vant organique de polarite intermediaire; 

(b) dissolution du medicament dans un solvant 
organique biocompatible; et 

(c) melange de la solution de (a) avec la solu- is 
tion de I'etape (b). 

18. Procede pour la preparation d'une composition 
pharmaceutique selon Tune quelconque des reven- 
dications 1 a 13, comprenant un complexe lipide- 20 
agent bioactii hydrophobe, caracterise en ceque le 
proced6 comprend les etapes suivantes: 

(a) dissolution d'au moins un lipide dans un sol- 
vant organique de polarite intermediaire; 25 

(b) dissolution du medicament dans un solvant 
organique; 

(c) melange de la solution de I'etape (a) avec 
celle de I'etape (b); et 

(d) deshydratation du melange resultant de 30 
I'etape (c) ci-dessus 

1 9. Procede pour la preparation d'un complexe lipide- 
agent bioactif hydrophobe selon I'une quelconque 
des revendications 1 a 13, lequel procede com- 35 
prend les etapes suivantes: 

(a) dissolution d'au moins un lipide dans un sol- 
vant organique de polarite intermediaire; 

(b) dissolution du medicament dans un solvant 40 
organique biocompatible; et 

(c) melange du produit de I'etape (a) avec celui 
de I'etape (b); 

(d) evaporation du solvant du melange de 
I'etape (c) ci-dessus, sous pression reduite, 45 

- - pour la production- d'une pellicule de lipide 
seche; et: 

(e) addition d'une solution aqueuse a la pelli- 
cule de I'etape (d). 

so 

20. Proced6 pour la preparation d'un complexe lipide- 
agent bioactif hydrophobe selon I'une quelconque 
de revendications 1 a 13, caracterise en ce que le 
procede comprend les etapes suivantes: 

55 

(a) dissolution du medicament dans un solvant 
organique biocompatible; 

(b) dissolution d'au moins un lipide dans un sol- 
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vant organique de polarite intermediaire et 
melange de cette solution avec la solution de 
I'etape (a); 

(c) addition d'une solution aqueuse aux solu- 
tions (a) et (b) melangees ci-dessus, et evapo- 
ration des sotvants sous pression pour la 
formation d'une pate, et 

(d) addition d'une solution aqueuse a la pate de 
I'etape (c) ci-dessus. 

21. Procede pour la determination de la toxicite d'un 
complexe lipide-agent bioactif hydrophobe tel que 
def ini dans I'une quelconque des revendications 1 a 
13, par lecture du spectre d'absorption de la com- 
position de complexe lipide-agent bioactif hydro- 
phobe et mesure de I'intensite maximale. 

22. Procede pour la preparation d'une composition 
comprenant un complexe lipide-agent bioactif 
hydrophobe comprenant un medicament et un 
lipide en un rapport molaire lipide: medicament 
eleve, caracterise en ce que le procede comprend 
les etapes suivantes: 

(a) mise en suspension d'un medicament dans 
une solution aqueuse; 

(b) mise en suspension d'un lipide dans une 
solution aqueuse; 

(c) melange des produits des etapes (a) et (b); 
et 

(d) mise a incubation du produit de i'etape (c) a 
la temperature de transition du lipide ou au- 
dessus. 

23. Procede selon la revendication 22, dans lequel le 
medicament est mise en suspension dans la solu- 
tion aqueuse par sonication. 
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FIG. 13 



Q_ 

<l 



1 1 

20 25 

TEMPERATURE, 'C 



30 



35 



EP 0 282 405 B2 



FIG. 14 
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